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EDITORIAL 
ANTENNAE ISSUE 28 

For Bataille, “every animal is in the world like water in water”. In other words, animals are indissolubly caught up 
in immediacy and urgency with a world of immanence. This highly controversial conception of animality cannot 
be representative of the multifaceted complexities through which the field of animal-studies currently 
approaches its object of scrutiny. But would there be a case for claiming that those animals and other 
organisms effectively living in water present us with a heightened level of elusiveness than those living on dry 
land? And would it be plausible to argue that this elusiveness makes them more alien to us than other terrestrial 
animals? Is it time then, for the field of animal studies to focus more on those creatures that can only return the 
gaze sideways? The degrees of separation challenging interspecies relations involving underwater animals 
seldom prevent physical interactions. The range of relationships we can forge with them seems irreparably 
limited by the material boundaries of optic and respiratory devices, sheets of glass, and the rubber 
impermeability of wet suits. Rethinking our relationship with underwater animals in the attempt to overcome such 
boundaries has become a central preoccupation in the work of an ever-growing number of contemporary 
artists.  

With the environmental collapse of our oceans and the growing awareness of the importance that 
waterways play in the currently precarious balance of ecosystems, it is of imperative importance to carefully 
consider how we might be able to prevent mass extinction. Developing new awareness of less anthropocentric 
conceptions of underwater life indeed requires an amount of creativity, and artistic practice may provide a 
participatory space to do just that. This issue of Antennae constitutes the first of two installments entirely 
dedicated to such a task. Together they will trace a journey from the liminality of muddy, and water bogged soil 
inhabited by earthworms in Amy Youngs’ artworks, to an encounter with frogs (Charlotte Sleigh), and then into 
the river ways with works by artists Marlena Novak and Helen J Bullard. Special thanks for providing essential 
ideas and for pointing us towards important contributors go to Ken Rinaldo, whose invaluable contributions to 
this issue and Antennae more in general has made a substantial difference over the years. 

The next issue will take us to the sea, in the hope of reconfiguring sublime, marine metanarratives of 
conquest and survival into a fragmentation of narratives in which animals may appear as individuals within the 
encounters. However, before embarking on such journey, this issue opens with a thought-provoking essay by 
Marc Bekoff aptly titled ‘Aquatic animals, cognitive ethology, and ethics: Questions about sentience and other 
troubling issues that lurk in turbid water’. Here Bekoff poses a number of substantially important and pressing 
questions ranging from the speciesistic to the environmentalist. Bekoff’s ethicomilitant piece is presented in 
conjunction with a fascinating conversation between bio/robotics artist Ken Rinaldo and Culum Brown, Editor for 
Animal Behaviour and Assistant Editor for Journal of Fish Biology. Here, their lively back-an-forth enables us to 
abandon persistent and convenient myths on the presupposed unsophistication of cognitive and relational 
modes in fish. It is indeed time to look at fish in the eyes!   

Giovanni A loi 
Editor in Chief of Antennae Project 
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and his followers in turn provided additional evidence for the nature of evolution. The story of the visualised evolutionary frog is, as 
Daston and Lunbeck write of observation, one of ‘experience … shaped and sharpened to scientific ends’  
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p.50 ‘SCALE’: THE SOUND OF INTERSPECIES COMMUNICATION?
Tiffany Funk interviews artist Marlena Novak to discuss the problematics involved in engaging audiences with the underwater world 
despite the seemingly overbearing boundaries implicated in interspecies communication. 
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conjoined tales, crossing oceans, histories, memories and lives, from Athena, to King John, and me; Helen of Troy.  
Author: Helen J. Bullard 
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HUMANS AND OTHER ANIMALS: 
JUST WHO DO WE THINK WE ARE? 

At that point I was working with squid, and I 
think squid are the most beautiful animals in 
the world. And it just began to bother me. I 
began to have the feeling that nothing I could 
find out was worth killing another squid. 
(Ruth Hubbard, in Holloway 1995, p. 49) 

The whale in the sea, like the wolf on land, 
constituted not only a symbol of wildness but 
also a fulcrum for projecting attitudes of 
conquest and utilitarianism and, eventually, 
more contemporary perceptions of 
preservation and protection.  
(Kellert 1996, p. 112)    

umans are a curious lot, and our 
intrusions, intentional and inadvertent, 
have significant impacts on other 

people, nonhuman animal beings (‘animals’), 
plants, water, the atmosphere, and inanimate 
landscapes. Often our influence is subtle and 
long-term. There are many important and 
difficult issues that demand serious 
consideration in discussions of the ethics of 
how human beings interact with animals 
(Bekoff & Jamieson 1991, 1996, Bekoff 1998). 
Their complexity is compounded because 
highly charged subjective personal opinions 
and passions run high as one might expect. 
Furthermore, it is often challenging and 
frustrating for us to confront ourselves when 
we   see   how   destructive  we  are  and  how 

H 

AQUATIC ANIMALS, COGNITIVE 
ETHOLOGY, AND ETHICS: 
QUESTIONS ABOUT SENTIENCE 
AND OTHER TROUBLING ISSUES 
THAT LURK IN TURBID WATER   
 In this general, strongly pro-animal, and somewhat utopian and personal essay, I argue that we owe aquatic 

animals respect and moral consideration just as we owe respect and moral consideration to all other animal 
beings, regardless of the taxonomic group to which they belong. In many ways it is more difficult to convince 
some people of our ethical obligations to numerous aquatic animals because we do not identify or empathize 
with them as we do with animals with whom we are more familiar or to whom we are more closely related, 
including those species (usually terrestrial) to which we refer as charismatic megafauna. Many of my 
examples come from animals that are better studied but they can be used as models for aquatic animals. I 
follow Darwinian notions of evolutionary continuity to argue that if we feel pain, then so too do many other 
animals, including those that live in aquatic environs. Recent scientific data (‘science sense’) show clearly that 
many aquatic organisms, much to some people’s surprise, likely suffer at our hands and feel their own sorts 
of pain. Throughout I discuss how cognitive ethology (the study of animal minds) is the unifying science for 
understanding the subjective, emotional, empathic, and moral lives of animals because it is essential to know 
what animals do, think, and feel as they go about their daily routines. Lastly, I argue that when we are 
uncertain if we are inflicting pain due to our incessant, annoying, and frequently unnecessary intrusions into 
the lives of other animals as we go about ‘redecorating nature’ (removing animals or moving them from place 
to place), we should err on the side of the animals and stop engaging in activities that cause pain and 
suffering. 

Author: Marc Bekoff 



6	  

many other animal beings suffer and die 
because of what we do to them, often 
intentionally. Frequently, we ignore scientific 
data that show that we are indeed causing 
enduring pain and suffering. Humans can also 
be an arrogant lot and it is humbling to ask 
with humility, rather than with hubris, ‘Just who 
do we think we are?’ 

Pondering questions about the ethics 
of our interactions with other animals raises 
numerous ‘big’ questions, many of which we 
would rather ignore because the answers are 
not all that easy or flattering. These questions 
include: Who are we in the grand scheme of 
things? What role does science (‘science 
sense’) play in our understanding of the world 
in which we live? What does it means to 
‘know’ something? Are other minds really all 
that private and inaccessible so as to make it 
impossible to know what individuals are 
feeling? What does the future hold in store if 
we continue to dismantle the only planet we 
live on and continue to persecute the other 
animal beings with whom we are supposed to 
coexist? 

My essay highlights the complexity 
and multidimensionality of many issues that 
center on human ethical obligations to other 
species. I will focus a good deal of attention 
on the study of animal minds and what is in 
them (cognitive ethology) and also consider 
some big and difficult questions that arise 
when we consider what is called the ‘human 
dimension’ and anthropogenic assaults on the 
lives of other animals. Because of this, 
interdisciplinary discussion is mandatory. It is 
also good to see that Inter-Research (IR) and 
publishers of other journals have a stated 
ethical requirement for papers that are 
published in these outlets concerning ‘the use 
of animals in research and/or the sampling of 
endangered species.’ Professional societies 
should set stringent guidelines for ethics, and 
these standards should not be viewed as 
unnecessary barriers to research or to 
curtailing the use of animals for other human 
activities. 

My essay is also meant to be a 
starting point for discussion of different 
perspectives. I lay out broad issues and big 
questions to get the discussion going. 
Regardless of differences in opinion about 

what we owe other species, it is important that 
we all agree that ethics is an essential element 
in any discussion of human interactions with 
other animals (Nollman 1999, Bekoff 2000a, 
2002b, 2006a,b, Goodall & Bekoff 2002). 
Scientists are human beings and we all have a 
point of view, and open discussions in which 
different perspectives are carefully and 
respectfully aired are sorely needed in the area 
of animal protection, which includes different 
schools of thought, namely ‘animal welfare’ 
and ‘animal rights.’ 

ANIMAL RIGHTS AND ANIMAL 
WELFARE: THE MORAL STATUS OF 
ANIMALS 

The question is not, Can they reason? nor Can 
they talk? but, Can they suffer? 
(Bentham 2005, p. 283; first published 1789) 

In current discussions about the moral status 
of animals, there is an obvious ‘progressive’ 
trend for greater protection for wild and captive 
animals. This is clearly the case for marine 
mammals (Kellert 1999) and let us hope it will 
become the case for other aquatic animals 
and animals in general. In a survey of 
American’s perception of marine mammals 
most respondents were opposed to 
commercial whaling, often for ethical reasons. 
Concern was also expressed for the 
commercial exploitation of seals, sea otters, 
walruses, and polar bears. Most Americans 
also objected to commercial whaling by native 
peoples or the resumption of killing gray 
whales. A majority of Alaskans opposed oil 
and gas development if it injured or killed 
marine mammals. There was also an 
unsuccessful effort prior to the reauthorization 
of the Marine Mammal Protection Act in 1988 
to prohibit any invasive research involving 
marine mammals unless that research would 
directly benefit the subject of the research. 

In recent years, philosophers and 
scientists have devoted increasing attention to 
questions about the moral status of animals 
(Regan 1983, Singer 1990, Francione 2000). 
Many people support a position called the 
rights view. To say that an animal has a right to 
have an interest protected means that the 
animal has a claim, or entitlement, to have that 
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interest protected even if it would benefit us to 
do otherwise (Francione 2000). Humans have 
an obligation to honor that claim for other 
animals (just as they do for humans who 
cannot protect their own interests). Thus, if a 
wild dolphin has a right to feed, then humans 
have an obligation to allow it to do so, and not 
do anything to interfere with its feeding 
activities. Likewise, if a dolphin has a right to 
life, it cannot be used in war games, actual 
warfare, or other activities in which death is 
possible. 

Animal rights advocates stress that 
animals’ lives are valuable in and of 
themselves (they have inherent value) and 
their lives are not valuable because of what 
they can do for humans (their utility) or 
because they look or behave like us. Animals 
are not property or ‘things,’ but rather they are 
living organisms worthy of our compassion, 
respect, friendship, and support. Animals are 
not ‘lesser beings’ than or ‘not as valuable’ as 
human beings; they are not property that can 
be abused or dominated. Human benefits are 
irrelevant for determining how animals should 
be treated. Many people believe that the 
animal rights view and the animal welfare view 
are identical, but they are not. Animal welfarists 
typically focus on an individual’s usefulness to 
humans. They practice utilitarianism, in which 
the general rule of thumb is that the right 
actions are those that maximize utility summed 
over all those who are affected by the actions. 
Often welfarists/utilitarians are called 
‘wiseusers.’ They believe that while humans 
should not abuse or exploit animals, as long 
as we make the animals’ lives comfortable, 
physically and psychologically, we are taking 
care of them and respecting their welfare. 
Welfarists are concerned with the quality of 
animals’ lives. But, welfarists do not believe 
that animals’ lives are valuable in and of 
themselves. Many conservation biologists and 
environmentalists are utilitarians who are willing 
to trade-off individuals’ lives for the perceived 
good of higher levels of organization such as 
populations, species, or ecosystems. 

The welfarists’ rule of thumb, and it is 
not a moral rule, is that it is permissible to use 
animals if the relationship between the costs 
to the animals and the benefits to the humans 
is such that the costs are less than the 

benefits. Welfarists believe that if animals 
experience comfort, appear happy, 
experience some of life’s pleasures, and are 
free from prolonged or intense pain, fear, 
hunger and other unpleasant states, then we 
are fulfilling our obligations to them. If 
individuals show normal growth and 
reproduction, and are free from disease, injury, 
malnutrition, and other types of pain and 
suffering, they are doing well. Thus, welfarists 
argue that using animals in experiments, 
slaughtering them for human consumption, 
and using them for treating human disorders 
(for example, dolphin-assisted therapy 
programs) are permissible as long as these 
activities are conducted in a humane way. 
Welfarists do not want animals to suffer from 
any unnecessary pain, but they sometimes 
disagree among themselves about what pain 
is necessary and what humane care really is. 
Welfarists agree that the pain and death 
animals experience is sometimes justified 
because of the benefits that humans derive. 
The ends – human benefits – justify the 
means – the use of animals. Some people 
argue that ‘smart’ animals suffer more than do 
less intelligent beings and therefore it is easier 
to justify the use of invertebrates, fish, and 
various rodents rather than dogs, cats, or 
great apes, for example. However, intelligence 
and suffering are not necessarily correlated 
and clever animals do not suffer more than 
less clever individuals (Bekoff 2006a, 2007). 
For the utilitarian philosopher, Jeremy 
Bentham, whose quote I began this section 
with and whose lead many people follow, it 
really did not much matter if animals could 
think or if they were smart. Rather, Bentham 
was concerned with whether or not animals 
could suffer. 

COGNITIVE ETHOLOGY, SCIENCE 
SENSE, AND COMMON SENSE: 
’MINDING ANIMALS’ THAT ARE 
USUALLY NOT MINDED 

Cognitive ethology (the study of animal minds) 
is the unifying science for understanding the 
subjective, emotional, empathic, and moral 
lives of animals because it is essential to know 
what animals do, think, and feel as they go 
about their daily routines in the company of 
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their friends and when they are alone (Allen & 
Bekoff 1997, Bekoff 2002b, 2006a,b,c). It is 
important to learn why both the similarities and 
differences in cognitive capacities and 
sentience between humans and other animals 
have evolved. The more we come to 
understand other animals, the more we will 
appreciate them as the amazing beings they 
are and the more we will come to understand 
ourselves. We must pay close attention to 
what animals do in their worlds and recognize 
other animals as a ‘way of knowing.’ Scientific 
data, what I call ‘science sense’, is but one 
way of knowing, and common sense, intuition, 
and indigenous knowledge must be given 
serious consideration (Bekoff 2006a,b). 

It is important to blend ‘science sense’ 
with common sense. We also need to give 
serious consideration to the question: What 
does it mean to ‘know’ something? I maintain 
that we know that some nonhuman animals 
feel something some of the time, just as do 
human animals. It is nonsense to claim that 
we do not know if dogs or pigs or cows or 
chickens feel pain or have a point of view 
about whether they like or do not like being 
exposed to certain treatments. The same 
goes for the live cats and dogs that are used 
as shark bait on the island of Réunion (Mott 
2005). 

We also are quite good about making 
predictions about what animals are likely to do 
and what they prefer and do not prefer when 
we make inferences about their mental states 
and feelings (Bekoff 2006a). For example, 
Wemelsfelder & Lawrence (2001) discovered 
that even people who have little experience 
observing animals usually agree with one 
another on what an animal is most likely 
feeling. Their intuitions are borne out because 
their characterizations of animal emotional 
states predict future behavior quite accurately. 
In another study, Wemelsfelder and her 
colleagues (Wemelsfelder et al. 2001) asked 
18 naïve observers to independently and in 
their own words describe the behavioral 
expression of 20 pigs. They discovered that 
the observers showed ‘significant agreement 
in their spontaneous assessment…, which 
suggests that these assessments were based 
on commonly perceived and systematically 
applied criteria.’ 

Highly accurate prediction offers one 
of the strongest arguments for the existence of 
emotions and feelings in nonhuman species. 
Predictive ability shows that we often know a 
lot more than we give ourselves credit for. 
When we think dogs are having fun, we 
predict that they will continue playing and seek 
it out with other individuals if their play partner 
stops. When we see an elephant moping, e.g. 
walking slowly and aimlessly, body low to the 
ground, trunk drooping, and tail down, we are 
quite right about inferring that it is sad or 
grieving. The emotional lives of many animals 
are not hidden or private, but rather public. 

Some will say, ‘Oh, you’re just being 
anthropomorphic.’ I am indeed. Among many 
researchers there is less resistance to being 
‘anthropomorphic’ because most people – 
researchers and non-researchers alike – 
realize that careful, biocentric 
anthropomorphism that takes the animal’s 
point of view into account (Bekoff 2000b,c) is 
a very useful heuristic. I have argued 
repeatedly that we must be anthropomorphic 
because of who we are – anthropoid apes 
who use a spoken language to communicate 
our own feelings – and that sanitized 
reductionistic or mechanistic discussions of 
animal emotions and sentience are barren and 
do not help us understand what other animals 
are feeling or thinking (for more detailed 
discussion of anthropomorphism, see Bekoff 
2006a,b). 

WHAT DO ANIMALS WANT? 

Cognitive ethology can also help us gain 
insights into what animals want (Carbone 
2004) and it is safe to say that they do not 
want to suffer, just as we do not want to suffer. 
Surely a whimpering or playing dog, a lone 
chimpanzee in a tiny barren and dark cage, an 
elephant grieving the loss of a friend, or a 
baby pig having its tail cut off – ‘docked’ as 
this horrific and inexcusable procedure is 
called – or having its teeth ground down on a 
grindstone, feels something. Recent data 
show that chronic pain is associated with 
docking (Bekoff, 2006b). Is this really 
surprising? Cows can be moody, hold 
grudges and nurture close friendships, and 
sheep  prefer  the  faces  of familiar individuals  
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(Bekoff 2006b). Is this really surprising? 
Animals are not unfeeling objects. 

Studies of animal preferences are 
replete with information that shows clearly that 
individuals make choices that maximize 
reward and pleasure and minimize 
punishment and pain (Balcombe 2006, Bekoff 
2006a, McMillan & Vance 2004). Animals 
clearly tell us this in many ways and it is our 
responsibility to figure out how they 
communicate their feelings to us. There are 
data that indicate that reptiles, such as 
iguanas, try to maximize sensory pleasure 
(Cabanac 1999, Ramirez & Cabanac 2003). 
Iguanas choose to stay warm rather than 
venture out into the cold to get food, whereas 
amphibians such as frogs and fish do not 
show such behavior. Cabanac (1999) 
postulated that the first mental event to 
emerge into consciousness was the ability of 
an individual to experience the sensations of 
pleasure or displeasure (Ramirez & Cabanac 
2003). Based on Cabanac’s research, there is 
evidence    that    reptiles   experience    basic 

emotional states, and that the ability to have 
an emotional life emerged between 
amphibians and early reptiles. Now, what 
about aquatic organisms for which there are 
few data? 

ETHICS, SENTIENCE, AND 
AQUATIC ANIMALS: DEALING WITH 
INNUMERABLE NAMELESS AND 
FACELESS INDIVIDUALS 

The emotional lives of fish and other aquatic 
organisms are difficult to study because the 
way in which they might communicate their 
feelings is not readily apparent to humans. 
Their emotions are not as public as those of 
mammals, for example. This does not mean, 
of course, that fish and other aquatic 
organisms do not experience various 
emotions including pain and suffering. The 
faces of many aquatic animals are not very 
expressive, but many fish and octopuses, for 
example, change colors in different social 
contexts,   and   these  changes  seem  to  be  

Octopus vulgaris 
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related to how they feel about the situation in 
which they find themselves (Anderson 2000). 
When octopuses get angry, their pearly white 
skin turns red. Anderson (2000), who studies 
octopuses at the Seattle Aquarium, claims that 
octopuses wear their hearts on their skin for all 
to see. A red octopus is likely an angry 
octopus that should be avoided. There are 
also various chemicals that are carried in water 
that indicate stress, and fish that are exposed 
to these chemicals swim away as if they are 
afraid (Eibl- Eibesfeldt 1975). 

For a variety of reasons, writing about 
the ethics of dealing with many aquatic 
animals is much more difficult than writing 
about the terrestrial vertebrates, social 
carnivores and various birds, with which I am 
more familiar. Because of a lack of facial 
expression or expressive eyes, it is more 
difficult for some people to identify with, and to 
understand, the social lives, cognitive skills, 
emotional experiences, and types of suffering 
and pain that these animals endure in their 
aquatic environs, habitats that are foreign to 
humans. With this lack of ability to identify with 
individuals it becomes more difficult to 
empathize with them, yet empathy is critical in 
making decisions about what other individuals 
are feeling (de Waal 2005, Bekoff 2006a,b) 
and how we should respond to them. 
Because of our lack of familiarity with many 
aquatic animals, we often find ourselves 
swimming upstream in muddy water when we 

discuss our ethical obligations to them 
because it is easy to ignore what we cannot or 
do not directly sense or feel. We make certain 
assumptions and move on from there. 

Many people also argue that for 
species for which there are innumerable 
members we do not need to be concerned 
with the well-being of individuals because the 
species as a whole is not in trouble or 
endangered. Furthermore, it is uncommon to 
name the animals they are studying, especially 
when there are countless individuals present. 
Working with numerous nameless individuals 
distances people from the animals they are 
interacting with (Bekoff 2002b, 2006a). As 
exemplars they discuss, for example, huge 
schools of fish, in which there may be millions 
of nameless individuals. However, just 
because there are millions of unnamed 
animals does not mean we do not have a 
responsibility to treat individuals with respect 
and to avoid subjecting them to painful 
experiences. When I mention fish to some 
colleagues their response is often ‘Oh, there 
are so many of them we don’t need to worry 
about individuals.’ It is perfectly okay with them 
if individuals are traded off for the good of their 
species. 

Another problem is that fish and other 
aquatic animals find themselves as meals for 
innumerable humans across cultures, and 
since it is unlikely that the world will ever 
become     totally     or    even    predominantly  

Salmo gairdneri 
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vegetarian, aquatic food animals find 
themselves being taken in massive and 
unsustainable quantities. We are fishing down 
the food web, and lower levels of the marine 
food chain are being used to sustain fish 
farms. The Food and Agricultural Organization 
of the United Nations (FAO) noted in February 
2006 that their 

… most recent global assessment of
wild fish stocks found that out of the 
almost 600 major commercial 
species groups monitored by the 
Organization, 52% are fully exploited 
while 25% are either overexploited 
(17%), depleted (7%) or recovering 
from depletion (1%). Twenty percent 
are moderately exploited, with just 
three percent ranked as 
underexploited. Wider use of fishing 
rights would help address not only 
overfishing but also the problem of 
illegal, unregulated and unreported 
(IUU) fishing as well as conflicts over 
access to fishing grounds… 
(http://www.fao.org/newsroom/en/news/ 

         2006/1000239/index.html) 

There are also problems with non-target 
species being caught due to fishing activities. 
For example, in 1990, about 42 million marine 
mammals and sea birds were caught in drift 
nets as squid and tuna were being harvested 
(Fox 1997). About 129 000 Olive Ridley turtles 
have died over the past 13 years because 
they suffocate in the nets of fishing boats not 
using mandatory turtle-excluder devices. 
Experts fear that the movement of giant ships 
and artificial illumination will put the turtles in 
even deeper trouble in the years ahead. 
Whales also are non-target victims of fishing 
nets. In 2003 the World Wildlife Fund reported 
that nearly 1000   whales, dolphins, and 
porpoises drowned daily after becoming 
entangled in fishing nets and other equipment 
(Verrengia 2003). Annually, more than 300 000 
individuals may perish because of fishing 
activities. And while a global moratorium on 
commercial whaling has existed since 1986, 
Japan and Iceland continue to hunt as part of 
what they call ‘scientific programs.’ Norway 
has objected to the moratorium and runs 
commercial whaling operations. 

So, while it may be more difficult to 
empathize with  a turtle, herring, crustacean, or 

Frans Snyders 
The Fish Market, Oil on Canvas, 1620 
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lobster, they are heavily exploited and 
subjected to much harassment and suffering 
at the hands of humans. The problems are no 
less important, nor are our ethical obligations 
less compelling because these animals are so 
different from us or from those species to 
which we readily grant moral standing. 

Our feelings for other animals figure 
heavily into the sorts of treatment we deem 
permissible or impermissible. We view and 
treat different aquatic animals differently 
because of what we assume about them, and 
this influences how we feel about them. Most 
people are familiar with the phenomenal 
cognitive skills and sentience of animals such 
as cetaceans and other charismatic species, 
but it is only very recently that solid scientific 
information has been published about pain in 
fish (Sneddon 2003, Moccia & Duncan 2004, 
Chandroo et al. 2004a,b), pain and suffering in 
cephalopods and decapod crustaceans (see 
Advocates for Animals 2005), and the 
impressive social skills, culture, sophisticated 
learning abilities, long-term memory, 
cooperative behavior, and recognition skills of 
fish (Bshary et al. 2002; see also EFSA 2005 
for a comprehensive summary  of  the biology, 

sentience, emotional lives, and welfare of a 
wide variety of taxa including aquatic animals 
and the Nuffield Council on Bioethics (2005) 
report on the ethics of research involving 
animals).There is evidence that fish such as 
rainbow trout experience fear (Moccia & 
Duncan 2004) and that it is entirely reasonable 
to assume that many fish are sentient and 
have the capacity to suffer (Chandroo et al. 
2004a,b). Thus, Chandroo et al. (2004a) argue 
that the concept of animal welfare can 
legitimately be applied to fish. Octopus have 
been protected from invasive experimental 
research in the United Kingdom under The 
Animals (Scientific Procedures) Act 1986 that 
was amended in 1993 to include Octopus 
vulgarisx(http://www.opsi.gov.uk/si/si1993/Uksi_1
9932103_en_1.htm). Octopi are protected 
because of their large brains and highly 
developed learning skills. This amendment 
occurred years before a ban on invasive 
research on chimpanzees was established in 
the United Kingdom (1997), New Zealand 
(2000), and The Netherlands (2002). 

Another popular food item also figures 
into the discussion of sentience. While it 
remains unknown if lobsters feel pain, one of 

Homarus gammarus 
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the world’s experts on this matter, Jelle Atema, 
working at the Woods Hole Oceanographic 
Institute, notes, ‘While I do not know for 
certain, I believe that lobsters may feel pain.’ 
(cited in Corson 2004, p. 278) Further, Atema 
writes, ‘When we kill them for food we should 
do so quickly. But we should also honor them 
with thoughtful appreciation for what they have 
done for us. I believe we should strive for this 
in all corners of our lives.’ It is refreshing to 
hear this from a practicing scientist.  

It is important that we broaden our 
taxonomic perspective when we consider the 
pain and suffering that we dole out. We need 
to ‘mind’ animals. The phrase ‘minding 
animals’ refers to caring for other animal 
beings, respecting them for who they are, 
appreciating their own world views, and 
wondering what and how they feel and why. It 
also refers to the fact that many animals have 
very active and thoughtful minds (Bekoff 
2002a). We naturally ‘mind’ terrestrial and 
aquatic habitats and they and all animals and 
people are far better off than they would be in 
the absence of an ethic that blends respect, 
caring, compassion, humility, generosity, 
kindness, grace, and love. It is obvious that 
many animals have a point of view about their 
place in the world and that the obvious answer 
to the question ‘Do you feel anything?’ is ‘Yes, 
I feel a lot.’ Numerous aquatic animals typically 
are not ‘minded’ and we need to reverse this 
trend. 

ANIMAL PASSIONS AND BEASTLY 
VIRTUES: ANIMALS WILL ALWAYS 
HAVE SECRETS BUT THEIR 
EMOTIONAL EXPERIENCES ARE 
PUBLIC 

My starting point concerning animal emotions 
and sentience is that many animals have rich 
and deep emotional lives and are clearly 
sentient. Their passions are public and not 
well hidden. It is not a matter of if emotions 
have evolved by why they evolved in a wide 
variety of species. Many animals feel emotions 
such as joy, happiness, fear, anger, grief, 
jealousy, resentment, and embarrassment 
(Bekoff 2000c, 2002b, 2006a,b, de Waal 
2005, Panksepp 2005a,b; Wilhelm 2006; see 
also (http://news.bbc.co.uk/2/hi/science/ nature/44016 

95.stm). Some might also have a sense of
humor or even a sense of awe. Some might 
even be moral beings who know ‘right from 
‘wrong’ (Bekoff 2004, 2006a). Perhaps some 
animals marvel at their surroundings and just 
enjoy being out where they live. We really do 
not know and should keep an open mind 
about these intriguing possibilities when we 
cause pain and suffering. It is likely that some 
people would choose alternative food sources 
if they knew of the scientific data that showed  
that fish and other aquatic organisms likely 
suffered as do many terrestrial sources of 
food. 

Charles Darwin’s idea of evolutionary 
continuity, in which variations among species 
are differences in degree rather than 
differences in kind, is very useful in the study 
of animal intelligence, animal emotions, and 
our ethical obligations to other animals. 
Basically, Darwin argued that there are shades 
of gray among different species and that the 
differences are not black and white. So, if 
humans feel emotions and can suffer, then so 
too can other animals, but their feelings are 
not necessarily identical. However, even if they 
are not identical, this does not mean that they 
do not exist. It is possible that fish and lobster 
pain is different from dog, chimpanzee, or 
human pain, but each individual suffers his or 
her own pain. 

THE IMPORTANCE OF INDIVIDUALS 

In addition to broad claims about species 
differences, we need to focus on individuals 
because all individuals count. Caution surely is 
the best road to take when offering 
generalizations, especially about complex 
behavior patterns, animal thinking, and animal 
emotions across species. Large individual 
differences within species mean that 
normative claims that ‘dolphins do this’ or 
‘cuttlefish do that’ discount fascinating 
individual variations that make the study of 
animal behavior challenging and exciting. The 
phrase ‘the dolphin’ is misleading and does 
not capture who these amazing aquatic 
animals are. If we try to draw lines concerning 
which species experience emotions and 
experience pain and suffering, we need to be 
very careful when we do it. Frankly, I think it is 
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a waste of time because new data are 
constantly adding species to the list of those 
that do or most likely experience pain and 
suffering. When new data are collected about 
animal sentience, species that were previously 
included before this information was available 
are rarely removed from the list. 

These lists of species that suffer and 
feel pain usually do not include aquatic 
animals other than those that garner a lot of 
attention such as sharks, dolphins, and 
whales. Most descriptions of dolphins and 
other cetaceans picture them as highly 
intelligent and sentient, capable of 
experiencing pleasure and pain, with 
remarkable social and cognitive skills. Indeed, 
dolphins and other marine mammals seem to 
fulfill some criteria of ‘personhood’ (Herzing & 
White 1998) in that they are alive, aware of their 
surroundings, sentient, and may have a sense 
of self. Why, then, do some people feel 
comfortable intruding into their worlds if it will 
cause pain and suffering? Frohoff (1998, p. 
84) has poignantly noted: “Currently we are
walking a fine line in our relationship with 
cetaceans. The same attraction that motivates 
us to protect them from harm is also what 
drives us to be close to them, to have them 
‘within reach.’” 

It is because dolphins and other 
marine mammals are thought to be attractive, 
harmless, endowed with mystical qualities, or 
to be of economic value as commodities for 
show or food, that we seek them out. 
However, we may bring much harm to them in 
our efforts to include them in our lives, even in 
ways that do not involve killing them. For 
example, ‘swim-with-dolphin’ and ‘petting 
pool’ programs remain very controversial. 
Such proffered reasons as ‘it’s fun,’ ‘aren’t the 
animals cute,’ or ‘it’s a spiritual experience’ are 
insufficient to justify these practices. Much 
attention has been given to the question of 
whether or not human encounters with 
dolphins may have negative effects on them. 
Human–dolphin interactions may be noisy and 
stressful. The long-term effects of swim-with-
dolphin programs on dolphin behavior and 
well-being still need to be studied 
systematically, but there is evidence that the 
stress associated with these programs may 
have long-term effects on the dolphins (for 

further discussion see Iannuzzi & Rowan 1991, 
Frohoff & Packard 1995, Samuels & Spradlin 
1995, Marino & Lilienfeld 1998, Nathanson 
1998, Basil & Matthews 2005, and T. G. 
Frohoff unpubl.). 

ARGUING AGAINST SPECIESISM 
AND FOR EVOLUTIONARY 
CONTINUITY 

I have stressed the degree to which perceived 
animal/human differences in the brain’s 
organization of feeling and emotion are 
probably due to artifacts rather than to a real 
gap between primates (including humans) 
and other mammalian orders. But that is not to 
say there is no real difference at all between 
humans and other animals. There may indeed 
be a real difference in brain organization of 
emotion. If so, however, it is quantitative in 
nature and moderate in degree – not a 
qualitative or massive difference.  
(Berridge 2003, p. 41) 

Neural substrates of feeling and emotion are 
distributed throughout the brain, from front to 
back, and top to bottom. The same brain 
structures are implicated in affective reactions 
for both humans and other animals. 
(Berridge 2003, p. 42) 

Now, what about speciesism? Are we really 
the only species in which emotions and the 
ability to suffer have evolved. No. It is not a 
matter of ‘them’ versus ‘us.’ Over the years, a 
variety of criteria have been used to separate 
them from us—tool use, language, culture, 
rationality, consciousness, art, rationality, a 
sense of self—and all have failed (Bekoff 
2006a). Maybe we are the only species that 
cooks food or in which sadism, hatred, and 
evil have evolved. There are differences but 
there are also many similarities between 
humans and non-human animals. 
Nonetheless, Dolan (2002) claimed, ‘More 
than any other species, we are the 
beneficiaries and victims of a wealth of 
emotional experience.’ Professor Dolan 
cannot know that this statement is true. 
Indeed, it just might be that other animals 
experience more vivid emotions than we do. 
This sort of speciesism – anthropocentrism – 
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is what plagues the study of animal emotions. 
Why are we so special; why are we such 
deeply feeling animals whereas other animals 
are not? I find it difficult to accept that we 
should set the standard against which other 
animals should be compared.  

My view of human–animal relations 
makes me uneasy about claiming that any 
group of animals is special. Unique yes, 
special no. I do not think that dolphins or 
whales are any more special than mice, great 
tits, goldfish, lobsters, fish, alligators, shrimp, 
or ants. Just because some animals are 
sentient, capable of experiencing pain and 
pleasure, does not necessarily mean that their 
lives should be valued more than others. 
Neither is being cute or warm or furry and 
cuddly a sufficient reason for special 
consideration and moral standing. Often, 
people attribute various emotions and the 
capacity to suffer to charismatic animals with 
whom they can identify and empathize (Bekoff 
2006a). All life is valuable and all life should be 
revered. Animals are not resources or property 
with whom we can do what we please, their 
lives matter very much, and they should be 
firmly entrenched in our moral community (see 
Jamieson & Regan 1985 with respect to 
cetaceans). 

WHAT SHOULD WE DO? DIFFICULT 
QUESTIONS WITH NUANCED 
ANSWERS 

Writing about animal ethics is bound to raise 
hackles and bring one’s critics out of the 
woodwork. Many people are deeply 
passionate about the imbalance of human 
animal interactions–we get a lot and they get 
very little. While some of my views are 
considered to be ‘radical,’ especially by my 
ivory-tower colleagues, I wonder why it is 
considered radical to argue that we should let 
other animals be, and allow them to have their 
own lives as much as is possible in this 
human dominated, anthropocentric world. I 
am confused, for I am not trying to put my 
colleagues out of business but rather to ask 
them to think more deeply about how we 
impact the lives of other animals. 

When many humans interact with 
nature, they usually wind up redecorating it. 

Intentionally or not, it is as if humans have an 
inborn urge to reshape nature, to expand their 
horizons. We just cannot stop ourselves, and 
little else does, even the blatant results of our 
trying to dominate—manage, control—our 
surroundings. We move animals around as we 
move furniture, we redecorate landscapes with 
little concern for maintaining biological 
integrity, and we overfish and take aquatic 
animals unsustainably. Even during strolls in 
pristine forests, swims in oceans, or forays in 
the sky, most humans are detached and 
alienated from the majesty of their 
surroundings. They do not seem to love 
nature deeply. 

Because humans have incredible 
power to dominate animals, they depend on 
our goodwill and mercy. Animals depend on 
humans to have their best interests in mind. 
Human impacts on other animals, intentional 
and inadvertent, are universal and ubiquitous. 
We are here, there, and everywhere. A major 
question in need of serious debate is should 
we ever interfere in other animals’ lives – when 
might human interference be permissible? 
Thus, should we let other animals be and not 
intentionally interfere in their lives? Should we 
hunt them for food whenever we so wish or 
should we hunt only when there are no 
alternative food sources? Should we interfere 
in other animals’ lives when we have spoiled 
their habitats, when they are sick, provide food 
when there is not enough food to go around, 
provide care to young if a parent does not, 
stop aggressive encounters, stop predators in 
their tracks, or relocate individuals from one 
place to another, including zoos, wildlife and 
marine theme parks, and aquariums? Should 
human interests always trump those of other 
animals? If not, then when should the interests 
of other animals trump our own? 

Some of the basic principles that 
underlie the use and exploitation of aquatic 
animals and some of the general questions 
that need to be considered apply to human 
encounters with just about all other species. 
Definitive answers to these and other 
questions are quite elusive, but open 
discussion can provide guidelines for 
proactive decision-making. All too often we 
are left in the position of trying to rectify messy  
and  difficult  situations  that  we have created 
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proactivity needs to become the modus 
operandi for future actions. For many 
questions about how animals should be 
treated by humans there are no ‘right’ or 
‘wrong’ answers, but rather nuanced 
decisions that need to take into account the 
specific situation at hand. 

ZOOS, AQUARIUMS, MARINE 
THEME PARKS, AND THE WELL-
BEING OF CAPTIVE ANIMALS 

The existence of aquariums and marine theme 
parks raises many important and difficult 
ethical questions (Jamieson 1995, Rose & 
Farinato 1999, Davis 1997, National Research 
Council). Jamieson argues that zoos teach us 
a false sense of our place in the natural order. 
Because what zoos teach us is false and 
dangerous, both humans and animals will be 
better off when they are abolished. Be that as 
it may, zoos are here to stay at least in the 
short term, and we need to be sure that we 
recognize their limitations and strive to offer 
their residents the best lives possible. 

Kellert (1999) found that a majority of 
Americans objected to the captive display of 
marine mammals in zoos and aquariums if 
there are no demonstrated educational and 
scientific benefits. 

There is little evidence that people 
leave zoos or aquariums with any long-lasting 
sentiments or knowledge that benefit either the 
animals they have seen or their wild relatives. 
Furthermore, few zoos are engaged in 
conservation efforts for marine mammals or for 
any other animals. It is important to note that 
the American Association of Zoos & 
Aquariums (AZA) itself has concluded in their 
own executive summary (AZA Executive 
Summary;(http://www.aza.org/ConEd/MIRP/Document
s/VisitorLearningExecutiveSummary.pdf) that ‘Little to 
no systematic research has been conducted 
on the impact of visits to zoos and aquariums 
on visitor conservation knowledge, awareness, 
affect, or behavior.’ So much for the AZA’s 
claims that zoos are important for purposes of 
education and conservation. 

Many questions center on how 
individuals are captured, transported, and kept 

Hugh Stevenson   Robert Munchley 
Federal Art Project Pennsylvania   Fairmount Aquarium promotional poster, 1937  
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in various types of captive situations. Animals 
often are injured and otherwise stressed 
during capture and transport. Family groups 
may be broken up and the social structure of 
populations disrupted. The effects of 
changing the social structure of wild 
populations are little known. Well intentioned 
people often argue that the lives of captive 
animals are of higher quality than those of wild 
relatives, but available data for marine 
mammals suggest that this claim is not well 
supported (Rose & Farinato1999). From an 
ethical perspective, one must consider 
whether or not this claim is even relevant, for 
keeping animals in captivity radically alters 
numerous behavior patterns that have evolved 
over millennia. Predation, starvation, and 
disease are part of what it is to be wild. Is a 
longer unnatural life in captivity better than a 
shorter natural life in the wild? 

The benefits of keeping marine 
mammals and other aquatic animals in 
captivity, to the animals themselves, are 
largely unknown. Because the social and 
physical environments of marine mammals are 
virtually impossible to replicate in captivity, 
ethical questions arise when these animals are 
maintained in unnatural environments. There 
can be little doubt that the quality of life is 
compromised, even though some zoo 
supporters claim that their residents get free 
meals, protection from predators, free health 
care, and a safe place to sleep. In captivity, 
evolved patterns of foraging, care giving, and 
migrating are lost as are natural patterns of 
social organization (group size and 
composition). In captivity, for practical 
reasons, group sizes may be much smaller 
than those observed in wild relatives. 
Stereotyped behaviors often result from 
conditions of captivity, as do self-mutilation 
and unusually high levels of aggression. 
Furthermore, individuals often cannot escape 
from the glaring eye of the public and they 
cannot choose when and where to rest. 

Many ethical concerns are also raised 
because first and foremost, zoos are 
businesses and their bottom line centers on 
money (Davis 1997). For example, it costs an 
enormous amount of money to bring marine 
mammals into captivity and to keep them 
there. It has been suggested that the money 

used to capture, transport, and keep animals 
in captivity would be better used to do 
research in the wild. Also, much money is 
spent on public relations and not on the 
animals themselves. Some feel that the 
images of nature that are represented to the 
public are a manufactured corporate point of 
view that centers more on what the public 
wants than what is good for the animals. 
Witness the existence of numerous ‘Flippers’ 
(the prototypical dolphin) and ‘Shamus’ (the 
model killer whale), whose lives do not 
resemble even closely the lives of free-living 
conspecifics or relatives other than that they all 
live in water. 

Similar questions are raised when 
considering research on captive animals. 
Certainly, information may be gathered about 
various aspects of their lives (for example, 
maternal behavior, self-recognition, social 
behavior, communication, and cognitive 
capacities). However, research on captive 
animals is increasingly being scrutinized by 
some researchers, philosophers, many 
universities, and various funding agencies. 
Some relevant questions include: is it ever 
permissible to keep individuals in captivity 
regardless of their utility; is the knowledge that 
is gained by studying captive individuals 
justified by keeping them in cages or tanks; 
and could more reliable data be collected 
under more natural conditions? We still know 
very little about the life histories of most 
aquatic animals. For many people it is the 
benefits that the captive individuals and other 
members of their (or other) species might 
accrue that are central, not the benefits that 
humans might gain. But rarely are the results 
of research used to benefit the animals other 
than in learning about medical treatments and 
husbandry to make their lives in captivity 
better. Rarely do wild individuals benefit from 
work done on captive relatives. 

THE FUTURE: BEING 
COMPASSIONATELY PROACTIVE 

Kellert’s (1999) study of American perceptions 
of marine mammals and their management 
shows clearly that most people support the 
various goals of the United States’ Marine 
Mammal  Protection  Act.  Most  are  willing  to  
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‘render  significant  sacrifices  to   sustain  and  
enhance marine mammal populations and 
species… These findings clearly indicate that 
marine mammals possess considerable 
aesthetic, scientific, and moral support among 
the great majority of Americans today.’ (Kellert 
1999, p iv–v) 

As a scientist, I am often criticized for 
being anti-science. This is not so. It is in the 
best traditions of science to ask questions 
about ethics; it is not anti-science to question 
what we do when we interact with other 
animals. Ethics can enrich our views of other 
animals in their own worlds and in our different 
worlds, and help us to see that their lives are 
worthy of respect, admiration, and 
appreciation. Indeed, it is out of respect, 
admiration, and appreciation that many 
humans seek out the company of whales, 
dolphins, polar bears, and aquatic animals. 
The study of ethics can also broaden the 
range of possible ways in which we interact 
with other animals without compromising their 
lives. Ethical discussion can help us to see 
alternatives to past actions that have 
disrespected other animals and, in the end, 
have not served us or other animals well. In 
this way, the study of ethics is enriching to 
other animals and to ourselves in that we may 
come to consider new possibilities for how we 
interact with other animals. If we think ethical 
considerations are stifling and create 
unnecessary hurdles over which we must 
jump in order to get done what we want to get 
done, then we will lose rich opportunities to 
learn more about other animals and also 
ourselves. Our greatest discoveries come 
when our ethical relationships with other 
animals are respectful and not exploitive. 

Many ethical issues are extremely 
difficult to reconcile and generate highly 
charged and deeply emotional and 
passionate responses. Achieving a win–win 
situation for animals and humans will be very 
difficult. However, it is clear that the 
increasingly detailed attention being given to 
various sorts of human–animal interactions is 
showing that there are innumerable negative 
effects on the lives of the animals. While many 
negative influences have been anticipated or 
are not surprising, the severity of human 
influences has not been fully appreciated. We 

must be careful not to love these animals to 
their (or our) deaths. Humans are indeed 
dangerous to innumerable aquatic animals. 

Allowing human interests always to 
trump the interests of other animals is not the 
best strategy if we are to solve the numerous 
and complex problems at hand. We need to 
learn as much as we can about the lives of 
wild animals. Our ethical obligations also 
require us to learn about the ways in which we 
influence animals’ lives when we study them in 
the wild and in captivity, and what effects 
captivity has on them. As we learn more about 
how we influence other animals, we will be 
able to adopt proactive, rather than reactive, 
strategies.  

The fragility of the natural order 
requires that people work harmoniously so as 
not to destroy nature’s wholeness, goodness, 
and generosity. The separation of ‘us’ 
(humans) from ‘them’ (other animals) 
engenders a false dichotomy, the result of 
which is a distancing that erodes, rather than 
enriches, the numerous possible relationships 
that can develop among all animal life. Public 
education is critical. To disseminate 
information about what is called the ‘human 
dimension,’ administrators of zoos, wildlife 
theme parks, aquariums, and areas where 
animals roam freely should inform visitors of 
how they may influence the behavior of 
animals they want to see. Tourism companies, 
nature clubs and societies, and schools can 
do the same. By treading lightly humans can 
enjoy the company of other animals without 
making them pay for our interest in their 
fascinating lives. Our curiosity about other 
animals need not harm them. Numerous 
aquatic animals are closely linked to the 
wholeness of many ecosystems, and how 
they fare is tightly associated with the  integrity 
of communities and ecosystems. By paying 
close attention to what we do to them, why we 
do what we do, and where and when we do it, 
we can help maintain the health of individuals, 
species, populations, and ecosystems. 
(continues on next page) 
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TOWARD A DEEP ETHOLOGY: 
AQUATIC ANIMALS ARE MORE 
THAN STREAMS OF PROTEIN 

We need a compassionate ethic of caring and 
sharing our planet. Sensitivity and humility are 
essential components of our guiding ethic. 
Expanding our circle of respect and 
understanding can help bring us all together. 
We are other animals’ guardians and we owe 
them unconditional compassion, respect, 
support, and love. We may have control and 
dominion over other animals, but this does not 
mean that we have to exploit and dominate 
them. 

My views on animal use are indeed 
restrictive. We are not nature’s keepers if this 
means that we ‘keep nature’ by dominating 
other animals using a narrow anthropocentric 
agenda in which other animals are objectified 
– referred to by numbers and not by names,
transformed into points on a graph – and their 
world views discounted. This means that fish 
farms and capture fisheries (and 
slaughterhouses for terrestrial food), for 
example, are not acceptable practices for 
producing food. There is little doubt that fish 
suffer (e.g. Lambooij et al. 2004, Moccia & 
Duncan 2004, Chandroo et al.2004a,b).

The ethical problems with fish farms 
and aquaculture go beyond the harming of 
individuals. There also are serious 
environmental concerns (McCarthy 2002, 
Midkiff 2004). For example, farm-raised 
salmon have escaped from their pens and this 
has led to crossbreeding and competition with 
native Pacific salmon. There are dead zones 
under pens, as feces, excess food, and 
harmful additives accumulate on the sea floor. 
The state of Maine has banned salmon pens 
from its offshore waters and Alaska has 
banned salmon pens from its waters to 
protect native stocks and the Alaska fishing 
industry (Midkillf 2004).   

I know there is a real world out there 
and that the world is not going to become 
vegetarian any time soon, if ever. However, if 
we carefully scrutinize what we do we surely 
can reduce the intentional harm we cause 
billions of individuals as they become our 
meals. Fish and other aquatic animals are 
more than streams of protein.   

So, where to from here? Our starting 
point should be that we will not intrude on 
other animals’ lives unless we can show that 
we have a right to override this maxim and that 
our actions are in the best interests of the 
animals irrespective of our desires. When 
unsure about how we influence the lives of 
other animals, we should give them the benefit 
of the doubt and err on the side of the 
animals. It is better to be safe than sorry. 

First and foremost in any deliberations 
about other animals must be deep concern 
and respect for their lives and the worlds within 
which they live, i.e. respect for who they are in 
their worlds, and not respect motivated by 
who we want them to be in our 
anthropocentric scheme of things. As Taylor 
(1986, p. 313) notes, a switch away from 
anthropocentrism to biocentrism, in which 
human superiority comes under critical 
scrutiny, ‘may require a profound moral 
reorientation.’ That is just fine. Can we really 
believe that we are the only species with 
feelings, beliefs, desires, goals, expectations, 
the ability to think, the ability to think about 
things, the ability to feel pain, or the capacity 
to suffer?  

Surprises are always forthcoming 
concerning the cognitive skills, emotional lives, 
and sentience of nonhuman animals, and it is 
essential that people who write about animal 
issues be cognizant of these findings. I do not 
see how any coherent thoughts about moral 
and ethical aspects of animal use could be 
put forth without using biological/evolutionary, 
ethological, and philosophical information. 
Ethologists must read philosophy and 
philosophers must not only read ethology but 
also watch animals. And those who use 
animals would do well to read about ethics 
and look for more humane alternatives to the 
practices in which they engage.  

I believe that a deep, reflective 
ethology is needed to make people more 
aware of what they do to non- humans and to 
make them aware of their moral and ethical 
obligations to animals. I use the term deep 
reflective ethology to convey some of the 
same general ideas that underlie the ‘deep 
ecology’ movement (Tobias 1985), which 
asks people to recognize that not only are they 
an integral part of nature but also that they 
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have unique responsibilities to nature. 
Ethics, compassion, humility, respect, 

coexistence, and sustainability are among the 
principles that should guide us when we 
interact with other animals. In most cases 
there are more humane alternatives than the 
methods that we use to intrude into animals’ 
lives. We must step lightly into the lives of 
animals and into their homes. We must not 
leave destructive footprints of any size. We 
can always do better in our interactions with 
other animal beings. Always. 
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he international calamities of 
anthropogenic ocean acidification, polar 
ice decline, sea warming, collapse of 

fish stocks and the plastification of our 
collective human/fish bodies begs a 
conversation with a fish researcher that seems 
especially important for this  issue of 
Antennae. 

In 2004, I became aware of one of the 
foremost fish experts in the world Dr. Culum 
Brown. This coincided with a growing interest 
in fish cognition and more specifically in the 
behavior of Siamese fighting fish. I began 
studying these fish for my project titled The 
Augmented Fish Reality; a robotic fish car. 
(see Antennae issue 2) Since then, we have 
come quite a distance in our understanding of 
fish cognition and Dr Brown’s research has 
largely contributed to new perspectives. 

Dr Brown claims that fish are “steeped 
in social intelligence”. He has most recently 
been studying the ability for fish to learn how 
to avoid certain kinds of nets, as the fish watch 
training videos. As with my own work, Dr. 
Brown  also  uses  laboratory   testing,  starting 

 
 
 

 
 
 

with a hypothesis and then confirming his 
theories. However, his work follows a scientific 
method that is more statistically significant 
then I would ever attempt. Still, as an artists 
working with science and technology, my job 
is not to try and find conclusions, but to ask 
provocative questions and allow future 
generations to determine if what I make can 
better be classified as art and/or science. So 
when Giovanni Aloi and I began to discuss the 
content of this issue, Dr. Brown seemed a 
natural interview choice. This seemed a great 
opportunity to ask him further about fish 
cognition as well as speculations about plants 
and their communication abilities. 

The answers which Dr. Brown 
provides reveal some great insight in the world 
of fish and animal cognition in general, 
reproposing questions about animal cognition 
in general and how this subject may be 
differently approached by artists and 
scientists. My impression is that scientists can 
be more cautious in speculating on known 
facts. They prefer to map hypotheses—
something  predominantly  driven  by  the  fact  

T  

THE SOCIAL INTELLIGENCE 
OF FISH 
 

Fish cognition lies at the core of this fascinating interview to Culum Brown by artist Ken Rinaldo. Scientific and 
artistic optics come side by side in the attempt of moving beyond the apparent inexpressiveness of fish 
faces. Despite appearances, fish are revealed as steeped in social intelligence—a trait that should make us 
all think twice.  

Interview Questions: Ken Rinaldo 
Interviewee: Culum Brown 
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that scientists rely on substantially different 
funding models then artists. 

Since the questions to this interview 
were answered, we have indeed learned that 
while plants may seem not to posses 
consciousness, Dr. Andre Kessler at Cornell 
has speculated that they do indeed posses a 
form of consciousness although one 
operating on different time scales to ours. 
When a hornworm eats sagebrush, the 
wounded plant sends out organic 
compounds that warn other surrounding 
plants.  

In this interview, Dr/ Culum Brown tells 
us that  “Australian crimson spotted 
rainbowfish, learnt to escape from a net in their 
tank, and remembered how they did it 11 
months later. This is equivalent to a human 
recalling a lesson learnt 40 years ago”. My 
project, Augmented Fish Reality tested similar 
abilities in Siamese fighting fish. While Dr. 
Brown and I are speculating about fish 
learning and cognition, sadly most popular 
press discussing declining fish stocks, still talk 
about the oceans as being a ‘valuable’ from a 
human food supply standpoint and as usual. 

 The ocean is discussed as ‘food stock’ in 
opposition to conceiving of fish as individuals.  

While writing this intro, I also have 
been reading Why we Love Dogs Eat Pigs 
and Wear Cows by Dr. Melanie Joy. She 
discussed the use of language to talk about 
what we eat and how this allows us to 
eliminate the notion of individuality. She 
discusses the difference between eating a pig 
that is raised vs. a pig that is a pet. 

Finding a balance between the two 
perspectives is arduous. I had to confront the 
problematics at stake through one of my 
projects titled the Farm Fountain when having 
to both, raise tilapia fish, and then confront 
having to kill the fish for eating. I recall the 
many years of nurturing the fish and enjoying 
the experience of watching it grow. It definitely 
became a situation in which the 
incompatibilities of the concepts of pet and 
food disastrously clashed. In the end, when 
we needed to move the tank, I was not able to 
kill the tilapia, though I was fortunate my art / 
science collaborator Amy Youngs, had the 
courage to do so. 

With a pet you notice their foibles, their 

Ken Rinaldo 
Augmented Fish Reality, Multimedia installation, 2004 © Ken Rinaldo 
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individual responses to you. They’re left 
(handed) finned swimming and feel care and 
love. This is how I felt when working on my 
Augmented Fish Reality and felt I was 
empowering the fish to make decisions and 
exercise control in an environment that 
bridged theirs and ours. Aesthetics of care 
also constitute a motivating force behind the 
research of Dr. Culum Brown. 

Unfortunately, the fishing industry 
conceals the idiosyncrasies which individual 
fish are capable presenting consumers with 
the image of simple and mechanical animals 
worth killing. As we purchase them in markets 
fish become abstracted hunks of flesh as our 
machines do the deed. Perhaps if we were 
forced to look into the eyes of each animal we 
eat and really confront the individuals that lie 
within, we would all be eating less meat or 
perhaps paying homage to the lost lives. 

As we learn more about plants and 
their own ability to protect themselves I am 
beginning to also wonder, given new ways of 
understanding plant communication, what a 
human is to eat? I am ready for the Star Trek 
replicator, when Jean Luc Picard says “Earl 
Grey hot”. Perhaps with future food molecular 
construction machines, no tealeaves would be 
harmed in the brewing… 

Ken Rinaldo: Your current research is 
focused on cerebral lateralization in fish and I 
wonder if fish generally have other common 
behavioral traits with the notion that 
“lateralization is emerging among the 
vertebrates, suggesting a common 
evolutionary origin”? 

Culum Brown: The simple answer is that 
many of our own traits are derived from a fish 
ancestor. For example our responses to fearful 
stimuli trigger almost exactly the same 
hormonal cascade as one would see in fish. 
The behavioural signs are very similar as well 
(eg. fear displayed as hiding, freezing and 
elevated breathing rates). Similarly their 
response to pain is more or less the same as 
ours. Indeed our pain receptors are identical. 
While our brains may look different, there is 
evidence to suggest that they perform much 
the same function. One common feature is 
that they are bilaterally symmetrical and both 

make use of hemispherical specialization to 
reduce redundancy (increase efficiency) when 
processing information. So both humans and 
fish have an eye preference while looking at 
certain objects, may show turn biases and 
hand (fin) preferences. Darwin himself pointed 
out that the differences between animals are 
of degrees, suggesting that all animals have a 
lot in common. 

KR: In past research you have indicated that 
fish ‘recognize individuals in a group’ and fish 
are ‘steeped in social intelligence’. How does 
a fish exhibit social intelligence?  

CB: Like us fish prefer to hang out with 
familiar individuals in social situations.  
Individual recognition is achieved in a manner 
similar to us. They use visual cues (including 
behavioural cues) and chemical cues (you 
may not be aware of how important smell is to 
us humans in a social context).  Recognizing 
individuals is really important for obvious 
things such as hierarchy formation, but it also 
enables fish to preferentially associate with 
specific individuals in specific contexts (eg. 
predator inspection). Moreover, fish can 
deliberately manipulate others to their own 
ends. For example it has been shown that just 
a few key motivated individuals in a shoal can 
direct shoal behavior. 

KR: Do fish have a kind of fusiform gyrus as 
with humans in allowing them to see faces in 
particular of other fish? Since we do not 
generally see fish faces as unique, how would 
you imagine fish could recognize their owners 
and see our faces? 

CB: The fusiform gyrus (fusiform face area 
specifically) is not just involved in facial 
recognition, it is likely involved in a broader skill 
of distinguishing between familiar and 
unfamiliar objects (including faces). Fish are 
quite capable of categorizing familiar and 
unfamiliar objects including other fishes. Thus 
there is no reason to suggest that a fish would 
have to recognize their owner based on face 
alone. Like us they would use a range of cues 
(height, hair colour etc).  

KR: Do  fish  generally  have  a  fat  corpus 
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collosum and has there been research about 
the lateralation in regards to that? 

CB: The corpus collosum is only found in 
placental mammals, although other animals to 
have some degree of cross hemispherical 
projection including fish. In fact that is one 
reasons it is nice to study laterality in fishes 
because the corpus collosum is a recent 
invention and laterality evolved long before the 
corpus collosum did.  

KR: Are we using MRI or FMRI scans on fish 
brains? 

CB: We aren’t doing those kinds of scans yet 
(water and million dollar scanners don’t mix) 
but we have some very nice micro CT scans 
of fish brains! 

KR: Many artists use fish and animals in their 
artworks. Other researchers and scholars 
critique that kind of work for being inhumane. 
Now that we are beginning to see that plants 
are also exhibiting signs of a form of 
consciousness      that      allows      them     to 
communicate  with  other  plants, what does a 

 scientist believe we should eat? 

CB: Firstly, I’d like to point out that the 
consciousness you see in vertebrate animals 
is infinitely more complex than anything you 
see in plants. Communication does not equal 
consciousness. So let’s limit our discussion to 
animals.  If we assume that fish are conscious 
in the same way that humans are (that is what 
all the research tells us) then all we need to do 
is ensure that we treat animals with due 
respect.  That doesn’t mean we stop eating 
them (humans have specific dentition that has 
evolved to eat flesh), rather it means we have 
a responsibility to minimize distress (maximize 
welfare). When the animal liberation movement 
burst on to the scene in the 60’s it initiated big 
changes in the food industry, particularly with 
reference to how we handle livestock. There 
was a revolutionary response within the 
livestock industry. Things are slowly 
progressing within the poultry industry (eg free 
range eggs). We are looking to see a similar 
response by the fishing and aquaculture 
industry. Note, however, that change is driven 
by community expectations. Sadly we are a 
long  way  away  from  convincing  people that  

Diagram illustrating the positioning of the Fusiform Gyrus  
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fish deserve our respect too. 

KR: What are some good examples of fish 
tool use and what do you see as the 
implications of this?  

CB: There are a wide number of examples of 
fish using tools. The most compelling of which 
is them using anvils to break open shellfish. 
The reason this is important, is that not so long 
ago tool use was thought to be the key factor 
identifying higher cognition in humans (among 
other things). Clearly this is not the case. Either 
tools are not associated with intelligence, or 
human intelligence is not particularly special. I 
suspect the latter.  

KR: The Bower bird builds engages in 
elaborate nest building for the purpose of 
enhancing mating. Do you believe that fish 
sing to each other in comparable ways?  

CB: The simple answer is that art appreciation 
is strictly a human thing. I seriously doubt art 
has any role in the daily lives of wild animals. 
Do fish sing? Yes, but they do it for the same 

reasons that birds do; to attract mates etc. 
There is also a dawn and dusk chorus 
underwater. Fish can tell the difference 
between different sorts of music and it has 
varying effects on their physiology in the same 
way as it does for us. Very few animals 
appreciate loud, sudden noises. Appreciation 
of rhythm seems to be universal. 

KR: In some papers you have sited 28000 
species of fish. How many of these are in 
decline or near extinction? 

CB: This is a very difficult question to answer. 
Indeed the exact number of species is heavily 
debated. Fishbase lists over 32,000 but our 
expectation is that many more than that exist. 
By the way that is more species than all other 
vertebrates (reptiles, amphibians, birds and 
mammals) combined.  There is no doubt that 
the vast majority of species that are targeted 
by humans are threatened (there are heaps of 
papers in Nature and Science that have 
illustrated this). Currently most fisheries are not 
sustainable. Indirectly, however, a great many 
more are affected by human activities such as  

Diagram illustrating the positioning of the Corpus Collosum 
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land clearance. It would be fair to say that 
freshwater fishes are amongst the most 
threatened group of all animals (second 
behind frogs). 

KR: I was fascinated to read that a small 
cuttlefish will signal to a large dominant male in 
the group with ½ of its body that it is a female, 
while simultaneously signaling to the female 
nearby that they are male so they can slip in 
and mate with the female. How do you 
imagine an animal that has such a short 
lifespan learn such clever mating tricks?  

CB: This is remarkable indeed. These 
animals are very clever given their short 
lifespans. One can only assume that many of 
their “tricks” are innate, but lots of studies 
have shown that they have fantastic learning 
abilities.  They have huge  brains compared to  

most other mollusks so they must put them to 
good use. I can only assume that it is driven 
primarily by their highly active hunting system 
in combination with their sociality. Their 
communication system is very complicated 
and we are only just beginning to understand 
it. 

KR: According to a new Spanish study, 
bottom trawling and dragging fishing nets 
across the sea floor while scooping up fish - 
stirs up sediment lying on the seabed while 
displacing and harming many marine species 
and causing pollutants to mix into plankton 
and move into the food chain as well as 
creating harmful algae blooms or oxygen-
deficient dead zones. Should bottom trawling 
be outlawed? 

CB: I think so, but the fishing lobby is very 

Sepia latimanus 
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powerful and it’s unlikely that politicians are 
brave enough to do anything about it.  We 
have known that the North Sea cod is highly 
vulnerable to overfishing for hundreds of years 
and we still cant get politicians in Europe and 
the States to agree on banning fishing. There 
is a HUGE gap between Science and policy. 

KR: I have invented a robot that gives 
Siamese fighting fish the ability to move their 
tanks for the purpose of testing and 
confirming their cognition. You have also 
confirmed that if I raised fish, from fry in the 
tank and associated rewards with their 
movement they would learn how to move that 
tank. In your wildest inventive dreams what 
kind of apparatus would you create to carry 
out your next research project that would allow 
you a major breakthrough in fish cognition, 
behavior and fish intercommunication?  

CB: Robofish is very cool, but let’s face it, it’s 
still a robot. It doesn’t respond to the behavior 
of the fish it’s interacting with in a realistic way. 
That would be a major breakthrough in my 
opinion. Breaking down the communication 
ability of fish in all its various modes (visual, 
mechanical, chemical, audio) and really 
interacting/manipulating fish. 

Ken Rinaldo (born 1958) is an American artist and 
educator internationally recognized for his interactive 
robotics and bio-art installations. He creates 
interactive art installations that explore the intersection 
between nature and technology. His robotic and bio-
art installations seek to merge the organic and 
electromechanical seamlessly through sonification, 
interactivity and motion, expressing a gentle symbiosis.

His works are influenced by living systems 
theories, interspecies communication, artificial 
life research, and the idea of emergent properties. His 
work also deals with ecological issues often overlooked 
in favor of technological progress. 

Ken Rinaldo's best known works are 
Autopoiesis (2000), an a-life robotic installation exploring 
the idea of group consciousness and Augmented Fish 
Reality (2004), a fish-driven robot.  

Culum Brown is an Australian 
Research Fellow, Associate Professor at Macquarie 
University, Editor forAnimal Behaviour and Assistant 
Editor of the Journal of Fish Biology. For years he has 
studied the behavioural ecology of fishes with a special 
interest in learning and memory.  Culum did his 
undergraduate degree at Melbourne University. His 
Honours and PhD research at the Universtiy of 
Queensland examined the behavioural ecology of 
predator avoidance in rainbowfish (Melanotaenia spp). 
Culum moved to Cambridge University where he worked 
on social learning in a range of fishes and developed life 
skills training for hatchery-reared salmonids. A further 
post-doc at the University of Edinburgh, expanded on 
his background learning by examining the ecological 
correlates of cognition in Poeciliid fishes. This work was 
conducted in collaboration with the Smithsonian 
Research Institute in Panama. During this time he 
developed a guide to the fishes of the pipeline road. 
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fter a night of rain, when the light of 
morning reveals the slick bodies of 
hundreds of worms that have 

surfaced from the earth, one cannot help 
but step carefully on the sidewalk. One 
might even notice the tragedy of death as 
they wriggle in puddles or become 
flattened by the feet of pedestrians. I was 
one of those kids who tried to save the 
worms by pulling them out of puddles, or 
off of the sidewalk to place them in the 
grass. Why do they put themselves in 
danger like that? Everyone I asked told me 
it was because earthworms would 
otherwise drown in their flooded homes. 
And it did appear to me that the worms 
were making a last ditch effort to save 
themselves by coming up and out where 
they were so exposed. This made sense. 
We would do it too; try desperately to 
make it to dry land in a flood. 

 
 
 
 

 
 
 
 
 
 

This story is about the truth behind worms 
underwater and how it has helped me 
envision habitats for humans and worms 
to live symbiotically together in domestic 
spaces. Now I purposely and regularly 
flood the homes of worms and in return, I 
receive the benefits of a local waste 
processing system, plus the enrichment of 
my home and office environment with 
living, air cleansing plants. 

Earthworms do not have lungs. 
They do not “breathe” like we do and they 
do not drown underwater. We might relate 
our own fear of drowning to our 
experience of seeing worms above 
ground in the rain, but somehow we don’t 
make the same connection to our fear of 
being buried alive. Underground. Where 
there is not enough air for us to breathe. 
Of course, worm biology is different from 
our own. Water is essential for their bodies  

A 

LIVING WITH WORMS 
IN THE FLOODING MACHINE 

Amy Youngs discusses her experiences creating ecosystem artworks that use an experimental combination 
of hydroponics and worm composting (vermiponics). Multiple designs are created, which serve as functional 
models for reducing waste, greenhouse gas production and improving indoor air quality. As indoor, domestic 
scale systems, these projects challenge notions of home and our ability to share our space with other living 
things that serve functions outside of the pet relationship. Interdependence with the ecosystem is modeled 
on a small and comprehensible scale in the home, office or gallery in each of the waste-processing artworks 
discussed. The flexibility of composting worms to live in soil-based or water-based environments offers hope 
that humans can also learn to live more flexibly and symbiotically with non-human animals.   

Author: Amy Youngs 
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as it allows them to absorb oxygen 
through their skin. Earthworms enjoy an 
environmental moisture content of 80% – 
90% and will quickly dry out if the moisture 
level drops below 60%. This is why it is 
relatively safe for them to emerge out of 
the earth when it rains. The wet, two-
dimensional surface above ground also 
allows them to move into new territories 
and to find mates more quickly than when 
they are moving through the three-
dimensional space of the earth. 

I learned the facts above from 
scientists,  but   have   also  learned  other 

 surprising lessons from the colony of red 
wiggler worms I have kept in my eighteen 
years of vermicomposting (composting 
with worms). 

DOMESTIC BLISS 

Given the right conditions, some types of 
earthworms will coexist happily in the 
homes of humans. The red wigglers, or 
Eisenia Fetida, that I keep are ideally 
suited to a domestic situation; they thrive 
in the same temperature ranges as human 
humans and eat many of the same foods.  

Amy Youngs 
Worms living in a “vermiponics” artwork, Building a Rainbow © Amy Youngs 
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 Ken Rinaldo and Amy Youngs 
Farm Fountain, 2007 © Ken Rinaldo and Amy Youngs 
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When provided with a dark, moist 
enclosure, they remain unseen, unheard 
and undetected by smell, as they process 
waste generated by a typical home into 
nutrients that can be used to feed plants. 
They can eat half of their weight of food 
per day and, since they eat food and 
paper waste, they comprise one of the 
most efficient home waste processing 
systems known. They do not smell. In fact, 
one of the things worms eat are the 
offensive, smell-emitting microorganisms 
that grow on decomposing organic waste. 
Indeed, I have witnessed them transform 
smelly piles of rotting lettuce into odorless 
soil. Of course, the old lettuce is best 
offered before it starts stinking, in order to 
prevent any odors that offend humans 
from the start.  

What if one travels a lot, or does 
not cook at home and has no food waste 
to offer worms? Luckily, worms are 
resilient. Their populations naturally shrink 
when they are fed less, grow when fed 
more, but never expand beyond the point 
of overwhelming their dark, moist habitat. 
They also survive on meager provisions 
like shredded paper and coffee grounds. I 
tested this for one year: I put a handful of 
worms in a plastic shoebox with holes 
poked into it, placed it under my sink and 
fed them only coffee grounds and 
newspaper. After a year there were about 
the same number of worms, they still 
looked good and performed their waste 
processing work healthily.   

GLOBAL BLISS 

Why would we even care to bother 
cohabitating with worms, when food and 
 paper waste can be thrown in the trash so 

easily? Doesn’t it safely biodegrade in 
landfills? No. In fact, organic waste 
produces methane gas as it 
decomposes, which is one of the worst 
greenhouse gasses. In the US, landfills are 
emitting the largest amount of methane 
related to human activity. The United 
States Environmental Protection Agency 
reports that methane is a major problem 
as it produces 21 times the global 
warming potential of carbon dioxide. They 
also report that in 2010 the bulk of 
municipal solid waste arriving at landfills is 
comprised of organic materials, with the 
largest component being paper at 28.5% 
and food scraps as the second largest at 
13.9%. This is not a problem for worms, as 
paper and food waste are what they live 
on. They turn it into fertilizer, and they do it 
without producing methane gas.  

GOING UNDERWATER 

Earthworms typically process waste in 
dark, aerated environments, and while we 
imagine that as soil, these same 
conditions can also be found in water. The 
first experiments I did to test this were 
done in relation to a collaborative art 
project called Farm Fountain, created with 
Ken Rinaldo in 2007. This was an indoor, 
constructed ecosystem for growing edible 
fish and plants in our home. Our system 
was based on aquaponics, which is 
similar to hydroponics, where the roots of 
plants are immersed in nutrient-rich water. 
However, in aquaponics the nutrients are 
coming from the metabolic waste of fish 
and bacteria living in the system instead of 
from petrochemical-based fertilizers. The 
early tests were to place handfuls of red 
wiggler  worms  into   the  root  area  of the  
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plants to see if they would survive and if 
we could use them as food for the fish. 
We hoped they would periodically flow into 
the fish tank, providing a more sustainable 
food source than typical fish food. The 
worms survived, but we never figured out 
how to easily dispense them to the fish as 
food. On an aquaponics listserv, called 
S&S Aquaponics, I learned from others 
who were adding worms into their systems 
and I communicated with a helpful 
gardener, Jim Joyner, who reported on his 
experiments with “vermiponics”, an entirely 
worm-based version of aquaponics. In the 
searching I did in 2010 he appeared to be 
the only person who had eliminated fish 
altogether. The outdoor system he was in 
the process of testing promised to solve 
three of the problems associated with 
aquaponics: large tanks needed for the 
fish, fussy temperature ranges for keeping 
them alive and, most of all, how to feed 
them sustainably. As an artist interested in 
living with ecosystems, this inspired me to 
attempt to construct indoor systems for 
growing plants based on the nutrient 
inputs from worms instead of fish. 

River Construct, was my first 
vermiponics artwork, built in 2010 for an 
exhibition at the RedLine Gallery in Denver, 
Colorado. It was an indoor composting 
and plant-growing unit that reproduced a 
natural system. Based on the model of a 
river, it was alternately fed and cleansed 
by a variety of organisms along its path. 
While most rivers flow over slowly sloping, 
horizontal planes, this artificial river flowed 
vertically, up and down a utility ladder, 
feeding and watering lettuces and herbs in 
a succession of buckets resting on the 
rungs.  

Like a river, the inputs to this 
system were sunlight and organic waste. 
Leftover food scraps, newspaper and 
rabbit manure were put into buckets to 
feed the worms inside. They converted the 
waste into nutrients that flowed into and 
through the water to the roots of the 
plants. Sunlight from nearby windows 
helped the plants grow and also charged 
a solar-powered battery that drove a pump 
submersed inside a water reservoir at the 
base of the ladder. Small mosquito fish 
lived in the water basin where they would 
eat algae and any potential mosquito 
larvae. A domestic rabbit lived in an 
enclosure nearby to provide manure to the 
system. To conserve energy, this artificial 
river's pump was set on a timing cycle that 
turned on the water flow once every forty-
five minutes.  

The aesthetic of this work was 
inspired by utility, garage DIY, and big box 
hardware stores. The experimental nature 
of the system called for an openness in 
materials and structure. Though I had built 
a small version in my studio, I was unsure 
that the system would function for the five-
week long exhibition. With the exception of 
a fruit fly infestation towards the end, I was 
pleased with how well it worked. The bright 
sunlight in Denver Colorado kept the 
power system running entirely off-grid, the 
gallery staff cared for and fed the rabbit 
and worms, the plants grew healthily, the 
mosquito fish multiplied, and Eddy the 
rabbit learned to leap in and out of his pen 
to nibble on the fresh greens and visit 
gallery goers. 
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Amy Youngs 
Sketch for River Consturct, 2010  © Amy Youngs 
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Amy Youngs 
River Construct as exhibited at Redline Gallery in Denver,  CO, 2010  © Amy Youngs 

  Amy Youngs 
  Feeding the worms rabbit manure, corn husks, watermelon rinds and newspaper, in River Construct, 2010 © Amy Youngs 
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INTERDEPENDENCE 

The domestic rabbit was used in this 
artwork as a way to point to the wide 
variety of interrelationships humans have 
with other living things. Rabbits are 
particularly transmutable; they can be 
pets, fur coats, food for humans or other 
pets, lucky foot charms, magic trick 
partners, trainers for hunting dogs, 
entertainment and show specimens. In the 
case of Eddy, he began his life as a 
purebred, pedigreed Himalayan born for 
the show table. After his first unsuccessful 
rabbit show, his breeder culled him out of 
the herd by putting him up for sale at the 

“pet only, no pedigree” price of $15. His 
next role was a manure producer for the 
River Construct artwork, and after that he 
became a house pet. The consideration of 
these domestic arrangements with rabbits 
caused me to seriously consider the 
possibility of new relationships with worms. 

The next ecosystem artwork I 
created had no rabbit. Instead, it focused 
on building a relationship between worms, 
waste and the homes of humans, with a 
bathroom theme. In this installation, called 
Building a Rainbow, I reconfigured used 
consumer products into a colorful indoor 
water feature that grew edible plants. All 
parts of   this installation were sourced and  

  Amy Youngs 
  Eddie the rabbit in River Construct, 2010 © Amy Youngs 
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   Amy Youngs 
  Building a Rainbow, exhibited at Space Gallery, Cleveland, OH, 2011 © Amy Youngs 
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constructed in Cleveland, Ohio as part of 
an artist residency at Spaces Gallery. 
Waste streams consisting of uneaten 
food, old tea bags, newspapers, 
throwaway plastic household objects, an 
old sink and bathtub were interrupted and 
turned into a system for growing lettuce, 
basil, wheatgrass and herbs. The plants – 
growing in plastic containers sourced from 
thrift stores – were fed nutrient-rich water 
recycling throughout the system via a 
submersed water pump and periodic 
timer. The fertilizing nutrients were all 
derived from food and paper waste 
transformed by composting worms and 
bacteria living within the system. To avoid 
the past problems with fruit flies, the 
gallery staff refrained from adding any fruit-
based waste. They fed the worms by 
peeling back the live wheatgrass mat 
“lids” growing above the worm containers 
and depositing shredded paper, coffee 
grounds, carrot tops, leftover lunch salads 
and sandwich crusts.  

Exhibiting artworks with worm 
ecosystems in galleries are one way to 
demonstrate the possibilities of domestic 
worms. I have also lead workshops about 
designing habitats for worms and have 
used the closing of these exhibitions as an 
opportunity to disperse worms into other 
people’s homes. Gallery staff and/or 
interested visitors have taken them home 
to start their own vermicomposting 
systems.  

MACHINE FOR LIVING 

INTERDEPENDENTLY  

In the design of my most recent 
vermiponics artwork, it was important to 
offer a direct experience of the concept of 

interdependence by translating a person’s 
physical activity into the circulation of the 
water in this system. Human beings are 
also interdependent with the system when 
we feed our waste to worms and 
exchange our carbon dioxide for oxygen 
from the plants, but those activities are not 
as obvious as seeing the active flow of 
water. In the Machine for Living 
Interdependently, the plants and worms 
are watered by the leisurely activity of 
rocking. A manual siphon pump bulb 
attached to a rocking chair works to 
translate a person’s rocking into pressure 
that pushes water seven feet up a pole, 
where the first house plant rests with it’s 
roots in a perforated, stainless steel cone. 
The series of plants and worms in the 
cones beneath are all watered in 
succession, as gravity pulls the water into 
the last cone, where a small volume of 
water rests, until pumped up to the top 
again. This piece takes a stance as a 
permanent, indoor fixture. It was recently 
installed in my office, after its five-week life 
in an exhibition in Columbus, Ohio. 
Instead of constructing and then 
dismantling a work just for a gallery show, I 
designed it specifically for my windowed, 
first floor office/studio space located at the 
Ohio State University, one of the largest 
universities in the country. Similar to my 
home, in my office I desire the aesthetics 
and air-cleaning benefits of living plants 
and the convenience of worms for on-site 
recycling of paper and coffee grounds. In 
my office however, many more people will 
be able to see and interact with it. I am 
looking forward to the ongoing experience 
– and discussions with visitors – of the
benefits    of    living,   working,   breathing, 
eating,  reading,  and  rocking with worms. 
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  Amy Youngs 
  Building a Rainbow, exhibited at  Space Gallery, Cleveland, OH, 2011 © Amy Youngs 
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  Amy Youngs 
  Building a Rainbow, detail, exhibited at  Space Gallery, Cleveland, OH, 2011 © Amy Youngs 
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  Amy Youngs 
  Machine for Living Interdependently, 2010, exhibited at Urban Arts Space, Columbus, OH. © Amy Youngs 
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Amy M. Youngs creates biological art, interactive 
sculptures and digital media works that explore 
relationships between technology and animals – human 
and non-human. Research interests include: interactions 
with plants and animals, technological nature follies, 
constructed ecosystems and seeing through the eyes of 
machines. She has created installations that amplify the 
sounds and movements of living worms, indoor 
ecosystems that grow edible plants, a multi-channel 
interactive video sculpture for a science museum, as well 
as videos and community media projects. 
 
Youngs has exhibited her works nationally and 
internationally at venues such as the Te Papa Museum in 
New Zealand, the Trondheim Electronic Arts Centre in 
Norway, the Biennale of Electronic Arts in Australia, 
Centro Andaluz de Arte Contemporáneo in Spain and 
the Peabody Essex Museum in Salem, MA. She has 
published articles in Leonardo and Nouvel Objet and her 
work was profiled in the book, Art in Action, Nature, 
Creativity & our Collective Future. She received her MFA 
from the School of the Art Institute of Chicago in 1999. 
She is currently an Associate Professor of Art at the Ohio 
State University, where she teaches new media and eco 
art courses. http://hypernatural.com 
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rogs have a rich history in cultures 
around the world, being well-used in 
everything from witchcraft to high 

science.  Frogs have been transformed during 
the period in which (broadly) witchcraft has 
given way to science. Once regarded as the 
spontaneously-generated products of the 
devil, in modern times they became reliable 
physical organisms for physiologists and 
biologists.  Frogs have been sent into space, 
as well as acting as model organisms for 
developmental biology.  Yet human disgust, 
and its close cousin, laughter, have never 
gone away when it comes to looking at frogs.  
Perhaps it is guilt at the many unpleasant 
experiments performed on frogs – including 
the infamous slow boiling – that compel us to 
joke about them.   

But, as the book explores, there are 
also visual features of the frog that dispose it 
towards human comparisons and their 
emotional consequences.  Frogs are amongst 
the very few vertebrates not to possess tails.  
Add these to their front-facing eyes, their slim 
waists  and  hairless  bodies,  and  you have a 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
beast that is curiously human in form.  Certain 
of these aspects have, historically, been 
disconcerting.  The horizontal slit-form of the 
pupil is a characteristic shared with that other 
demonic creature, the goat; and the squatting 
posture of the frog perhaps reminds us 
humans of our own in defecation.  On the 
other hand, frogs have bug-eyes, explosive 
croaks and a comic jump – features that have 
inspired a number of famous comic creations, 
from Mr Toad to Kermit.  Some species even 
have an upwardly curving mouth that makes 
them look as though they are sharing the joke. 
These visual features have yielded many 
different perceptions of the frog.  Amongst the 
book’s highlights is a comparison of different 
versions of the frog-king tale, showing how it 
has evolved over time to fit different cultural 
concerns.  Other chapters explore why the 
frog has been so integral to accounts of 
reproduction, and sex education; in the 
following excerpt, its role as apparent object 
lesson in evolution is examined. 
 
Extract from Charlotte Sleigh’s Frog:  

F  

 
VISUALISING EVOLUTION  
WITH FROGS 
 

Frog is part of Reaktion Books’ on-going Animal series, each volume of which explores the natural and 
cultural history of a single, well-known creature. In this section Antennae proposes an extract from Charlotte 
Sleigh’s book. In it she discusses how the frog’s life transition, long an object of human fascination, became 
a visual emblem for evolution. A further visual examination of that emblem by Ernst Haeckel and his followers 
in turn provided additional evidence for the nature of evolution. The story of the visualised evolutionary frog is, 
as Daston and Lunbeck write of observation, one of ‘experience … shaped and sharpened to scientific ends’ 
[i] 
 
Author: Charlotte Sleigh 
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  Ernst Haeckel 
  Kunstformen der Natur, plate 68, Batrachia, 1904  
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In 1844 Robert Chambers – best known today 
for his dictionary – contemplated evolution by 
considering the frog. He imagined how frog 
spawn might appear to a mayfly during its 
brief 24 hours of life; it would have no idea of 
the drastic changes that were going to unfurl 
in their little, wriggly bodies, long after the 
mayfly itself was dead: 

Suppose that an ephemeron, 
hovering over a pool for its one 
April day of life, were capable of 
observing the fry of the frog in the 
water below. In its aged 
afternoon, having seen no 
change upon them for such a 
long time, it would be little 
qualified to conceive that the 
external branchiae [gills] of these 
creatures were to decay, and be 
replaced by internal lungs, that 
feet were to be developed, the tail 
erased, and the animal then to 
become a denizen of the land.[ii] 

Human beings, suggested Chambers, were in 
no less a state of ignorance when it came to 
nature around them: what appeared to be 
fixed species were, in the grand scheme of 
things, in a process of transformation from one 
form to another. Then as now, tadpoles and 
frogs are an almost irresistible image for the 
process so controversially described by 
Chambers. With gills that turn into lungs, and 
legs that bud and grow to propel them from 
the water, it is as though they fast-forward 
through the slow evolutionary exodus from sea 
to land.  

Thus it was natural that when Ernst 
Haeckel sought to elucidate the process of 
evolution, he did so through a visual 
examination of the frog. Haeckel (1834-1919) 
was, according to the historian of biology Erik 
Nordenskiöld (1935), ‘the chief source of the 
world’s knowledge of Darwinism’, but his 
methodology and style were distinctive. 
Whereas English evolution had been 
substantially built on comparative anatomy 
and palaeontology, Haeckel added a third 
type of visual evidence: embryology.[iii] 

    Haeckel’s theory of embryos was 
known as ‘recapitulation’. In essence, this 

meant that embryos passed through primitive 
states resembling the embryos of their 
ancestors before reaching the higher form of 
their species.[iv] One phase of the 
embryological development of man, wrote 
Haeckel, ‘presents us with a change of the 
fish-like being into a kind of amphibious 
animal. At a later period the mammal . . . 
develops out of the amphibian.’[v] 

The significance of amphibian 
embryos amongst the vertebrates lay in their 
lack of an amnion. The amnion, a membrane 
that creates a sac surrounding the developing 
foetus, is present in birds, mammals, and the 
class that we now call reptiles. Haeckel’s 
observations meant that amphibians should 
no longer be classified with reptiles, as they 
had been until then; for the first time, Haeckel 
made the Batrachians (his preferred name for 
the Amphibia) a class in their own right. They 
were the evolutionary in-betweeners; what was 
observed as emblem by Chambers was now 
confirmed as written upon the embryo.[vi]

Haeckel’s legacy was to prove tragic 
for the Austrian zoologist Paul Kammerer 
(1880-1926). Kammerer was inspired and 
ultimately destroyed by that most tantalizing 
feature of evolutionary theory; it was, as 
Chambers had realized, impossible to 
demonstrate within a human lifespan. But for 
those raised on the Haeckellian notion of 
recapitulation, there was a powerful alternative 
in the capacity of amphibian development to 
say something about the course of evolution. 
Thus Kammerer set about trying to modify the 
physical characteristics of Amphibia, and, 
moreover, to investigate whether such 
modifications could be inherited by their 
offspring. His most famous – or rather 
infamous – experiments involved the Midwife 
Toad Alytes obstetricans. 

Like most frogs and toads, the males 
of this species sit on top of the female while 
mating and hold on for several days, but 
unlike their aquatic cousins they have no need 
of rough patches (nuptial pads) on their 
thumbs to stop them slipping off. Kammerer 
induced his normally terrestrial specimens to 
breed in the water, then rescued and reared 
the fertilized eggs. By these means, 
Kammerer claimed to induce the appearance 
of nuptial pads in the next generation of  
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 Ernst Haeckel 
  Haeckel’s chronological pedigree of vertebrates, showing that batrachians were the ancestors of all land-dwelling 
species.   
  From Haeckel, The History of Creation (New York :D. Appleton and Company, 1880), vol. 2, p. 205. 
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midwife toads. Astoundingly, these pads 
appeared to be passed onto their offspring. 
In August 1926, after years of doubt over 
Kammerer’s results, the 
journal Nature reported that the pads had 
been faked; black ink had been injected 
under the skin to produce them. One month 
later Kammerer shot himself. 
 Commentary on the midwife toad 
episode peaked in the mid-twentieth century, 
and writers were more or less unanimous in 
painting Kammerer’s guiding theory as a 
fundamentally silly one (hence necessitating 
fraud for its demonstration). The word most 
often used for Kammerer’s work is 
‘Lamarckian’, by which commentators have 
meant an anti-Darwinian biology of acquired 
inheritance – antelopes that purposefully 
evolve into giraffes by stretching their necks 
ever  higher for  leaves . In   fact,   central  and  

 

Eastern European biologists such as 
Kammerer and his boss Hans Przibram 
counted themselves firmly as 
Darwinians.[vii] However, their Darwinism was 
refracted through the lens of Haeckel.
 Kammerer was sympathetic to the 
critical suggestion that his experiments might 
not demonstrate forward evolution. It was quite 
possible that instead he was inducing 
regression: stimulating the display of ancestral 
characteristics that were no longer necessary 
for the species in normal life. He was in good 
company, as Sander Gliboff has found; 
German biologists of the 1920s suggested 
that creatures could regress to a primitive 
form, endowed with more potency and 
flexibility than their usual, highly-evolved 
variety.[viii] It was even possible that this bodily 
plasticity was itself a heritable characteristic: 
that a creature which had regressed to its 

	  
 Christian Fisher 
 Male of the Common Midwife Toad, Alytes obstetricans, with (fresh) eggs at its hind legs. 
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more potent form made it easier for its 
offspring to do the same. In this light, 
Kammerer’s work does not look like an 
attempt to fast-forward Lamarckian evolution 
as his critics have claimed, but rather to 
demonstrate the recapitulatory framework of 
Haeckellian evolution. Working outside the 
Haeckellian tradition, his Anglo-American 
critics simply could not see it. 
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s noted by Donna Haraway in her 
seminal text “A Cyborg Manifesto,” the 
history of Modernism is one of 

establishing and transgressing borders: “In 
the traditions of ‘Western’ science and 
politics... the tradition of progress; the tradition 
of the appropriation of nature as resource for 
the productions of culture; the tradition of 
reproduction of the self from the reflections of 
the other — the relation between organism 
and machine has been a border war. The 
stakes in the border war have been the 
territories of production, reproduction, and 
imagination.”[i] 

To live within this liminal space is not 
just to weather the unease of the “border war” 
but to reap the advantages afforded by seeing 
production, reproduction, and imagination 
without the constraints of academic tradition. 
The investigations into liminality that guide 
Marlena Novak's work lie in how we use our 
perceptual faculties to navigate the structures 
that make up our present; by examining how 
these structures — the rigid disciplines of 
science, technology, art, and politics — might 
be ruptured or transgressed, Novak is able to 
access varied interdisciplinary subjects, such 
as abstract narrative, boundaries relating to 
physical and intangible properties, issues of 
trespass and human rights, and the mating 
behavior of hermaphroditic flatworms. 
Consequently, her projects greatly vary in their  

 
 
 
 
 

form, ranging from installation, digital video 
and photography, to computer-based 
animation and participatory projects. As the 
theme of perception guides her work, 
examining the ways we gather and process 
information demands an intermedial 
approach. 

Because these artworks often require 
an interactive, educational element, it is no 
surprise that a large part of Novak's practice 
involves the development of pedagogical 
practices pertaining to art and technology 
programs. She served as program and 
curriculum co-designer for Northwestern 
University’s 2005-2010 Animate Arts Program, 
an undergraduate course track that 
encouraged exploration of technology in 
artistic practice, and has additionally designed 
and taught courses at the University of New 
Mexico, the University of Illinois at Chicago, 
DePaul University, and the School of the Art 
Institute of Chicago. In 2011, she served as a 
member of the College Art Association Task 
Force on guidelines for the Use of Animal and 
Human Subjects in Art, an investigative 
committee assigned to address the ethical 
treatment of animals in art.  

These concerns translate to her 
collaborative practice as one half of localStyle, 
which she co-founded in 2000 alongside 
composer and sound designer Jay  Alan  Yim.  

A 

‘SCALE’: THE SOUND OF 
INTERSPECIES COMMUNICATION? 

Tiffany Funk interviews artist Marlena Novak to discuss the problematics involved in engaging audiences with 
the underwater world despite the seemingly overbearing boundaries implicated in interspecies 
communication. 

Interviewer: Tiffany Funk 
Interviewee: Marlena Novak 

 localStyle's    intermedia      practice    explores	  
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issues of both physical and metaphorical 
thresholds through video, interactive 
installations, live performance with electronics, 
and audience participation. Works such as the 
ambitious 2010 installation scale investigate 
crossing well-defined boundaries, particularly 
those of species, environment, and discipline. 
Created in close partnership with neural 
engineer Malcolm MacIver, scale features 
twelve different species of nocturnal Amazon 
River Basin fish whose sonified electrical fields 
provide the source tones for an immersive 
audiovisual environment. The fish are housed 
in individual tanks configured in a custom-built 
sculptural arc of aluminum frames placed 
around a central podium. The custom-
designed software and interface makes it 
possible that each fish can be heard 
unprocessed or with digital effects added. The 
audience, acting as “deejays,” assumes 
immediate control over volume via a 
touchscreen panel. The resulting choir is 
heard  through  a  12-channel surround sound  
system, coupled with  LED  arrays under each 

 
 
 

tank for visual feedback. 
scale debuted at the STRP Electronic 

Music and Art Festival in Eindhoven, the 
Netherlands, and has shown at the 2011 
TransLife Media Art Triennial at the National Art 
Museum of China in Beijing. 

T i f fany Funk: Your background is originally 
in painting. Your work seems to transform 
through increasingly incorporating scientific as 
well as performance concerns. Can you 
describe this transition from painting to video 
art to intermedia installation? 

Mar lena Novak: My early training was in the 
area of drawing/painting via a scientific 
approach: Carnegie-Mellon University had a 
relationship with a medical school, providing 
access to observe cadaver dissections and 
study and sketch formaldehyde preserved 
organs, revealing vital information such as 
muscle attachments, etcetera. Simultaneously, 
as an undergraduate, I became engaged in a 
dialog   with  roboticists  and  other  scientists, 

localStyle (Marlena Novak & Jay Alan Yim) + Malcolm Mclver    
scale, installation view, audience members with project assistant Yang Bai (left), at the TransLife Triennial 2011 in the National Art Museum of 
China, Beijing. scale (2009-11), 12 live Amazonian electric fish (10 species), custom built aluminum tank frames, tanks and filtration system, 
12 channel sound, Mac and PC computers, custom electronics, Lemur touchscreen, Max5 and custom software. photo © Marlena Novak 
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visiting their laboratories and discussing 
commonalities between art and science with a 
focus on modes of perception. I collaborated 
on an art project with a roboticist in the late 
1970’s where we choreographed an industrial 
robot to “dance” to a modernist string quartet. 

At the same time I was investigating 
different types of microcrystalline (wax) 
products through the assistance of a CMU 
physicist to use in my encaustic paintings, 
where my focus was on color perception and 
color function. This is an area in which I 
invested years of personal research and 
practice, culminating in developing color-
theory courses that are still part of the 
curriculum in several Chicago universities. 

This exploration of perception was 
enriched by discussions with practitioners 
from other fields. I was fortunate to have an 
engaged conversation with the late Maryanne 
Amacher when she saw my encaustic work in 
an exhibition. That led me to learn about her 
own experiments with the perceptual 
phenomenon of otoacoustic emissions. 

It seemed a natural progression to 
move from representing illusionistic space to 
investigating other types of illusions and 
“spaces” — asking questions about how we 
construct our internal and external world(s). 

With perception as a generating 
process, my work evolved to include 
temporality and the space of social 
engagement, developing collaborations with 
an interest in expanding agency beyond the 
inter/meta-disciplinary collaborators ourselves, 
hence developing projects that allow for 
interaction with a more active role for the 
participant. 

Living and working at sea, in my early 
twenties, on a 120-foot cargo-sail ketch, 
fostered respect and awe for creatures and 
ecosystems that are not obviously a part of 
our daily experiences on land. One becomes 
strikingly aware of the interdependency of our 
lives and our environment when one has to 
negotiate life-and-death situations in the 
middle of what can seem like an infinite 
ocean. These experiences–including a 30-day 

 Per Erik Sviland 
Electric ghost knifefish, Apteronotus albifrons, from South America © Photo courtesy of Per Erik Sviland



53	  

sail from Puntarenas, Costa Rica, to Hawaii, 
sailing in the Atlantic from Massachusetts to 
Bermuda and to Nova Scotia, throughout the 
British Virgin Islands, and within the waters of 
the Bay of Isles, New Zealand–cultivated a 
sense of interconnectivity that continues to 
inform my work as an artist and as a teacher. 

T i f fany Funk: How did localStyle come to 
be? 

Mar lena Novak: An interdisciplinary 
research grant funded an early performative 
collaboration with a poet and with cellist 
Frances-Marie Uitti at the Block Museum of Art 
in 1998. When I was invited for a residency at 
the Creativity and Cognition Research Studios, 
LUTCHI, Loughborough University, I invited 
the composer Jay Alan Yim to contribute an 
EDM score to my next abstract animation and 
sound piece. Jay and I worked conceptually 
and technically well together. In 2000, we were 
on a research holiday in Chiang Mai when a 
Thai acquaintance, upon finding out that our 
culinary tastes matched his, exclaimed, “Oh, 
then you are local-style!” We decided that 
adopting this name was in line with our 
collaboration’s intentions, often working in 
different countries and within a range of 
cultures with the interest of having a “local” 
understanding and focus/approach. 

TF: How did you become aware of the 
particular fish you used in scale, and how was 
the project originally conceived? 

MN: We had collaborated with the computer 
scientist Ian Horswill for a 2006 interactive 
installation inspired by the mating behavior of 
hermaphroditic Australian marine flatworms. 
During this period we met neurobiologist 
Malcolm MacIver; he knew of our art projects 
and suggested that we collaborate. In our 
initial project discussions, he wanted to focus 
on consciousness as a topic and was keen 
on using fog to problematize the navigation of 
a specific space. I was aware of the effective 
way an artist friend had utilized fog in this 
manner and I didn't feel this was the right 
direction for us to take. Jay suggested that we 
visit Malcolm’s laboratory to have a better 
understanding of his ongoing research. When 

he presented the fish whose biology he had 
been studying for more than a decade, and 
eloquently informed us how indebted the 
scientific world is from learning about their 
sensory processing and locomotive system, 
we were duly impressed by these amazing 
creatures. When he demonstrated the 
technique that scientists use for translating 
their electric field into an audible signal, I 
immediately expressed my interest in finding a 
way to use the sonification of their fields in an 
interactive installation; here was an opportunity 
to bring the awareness and appreciation of 
these remarkable fish to a much wider public. 
Both Malcolm and Jay agreed with this idea 
and we moved forward into the project 
development stage. 

TF: The format and concept behind scale 
obviously involves a high degree of expertise 
from many disciplines, including electronic 
music, industrial design, biological lab 
practices, and ecology, just to name a few… 
and as any artist who engages with 
interdisciplinary practice knows, managing to 
incorporate all of these aspects into a single 
work takes copious planning–especially in 
terms of managing, delegating, and simply 
communicating. How was the workload 
divided up in this process? How did the 
project cater to localStyle’s interests and 
expertise? 

MN:  scale could not have taken place without 
the efforts and expertise of the three of us. 
This began with grant writing, and initiated 
critical discussions about the language we 
would use to conceptualize and to present the 
project. This was important to the established 
localStyle approach of researching and 
formulating a conceptual basis for each 
project, and then developing the formal 
aspects. More specifically, it was related to 
localStyle’s ongoing investigation of 
perception. 

We then engaged within our specific 
research areas to take the physical 
development of the piece to the next level. We 
shared and discussed our discoveries and 
progress in frequent e-mail correspondence 
and most importantly in weekly meetings so 
that  we  could  all  contribute  to  the  ongoing  
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development   of   the   multiple  facets  of  the 
piece. In this way, we each collaborated on all 
of the main aspects of the project. If anyone 
was traveling, these weekly meetings 
continued via Skype. (One series of meetings 
took place in Linz when all of our itineraries 
intersected there.) This closeness was 
important; all three of us were involved in 
making decisions about physical layout, 
species selection, sound design, and 
interaction design. 

As we began to receive funding we 
were able to enlist students to assist with 
many of the technical aspects of the piece. 
They were important in problem solving with 
the interface design, custom-built circuitry, 
material expertise, and integrating off-the-shelf 
components, like the Lemur, into our overall 
configuration. My activities in the art world led 
us to the crucial invitation by the STRP Festival 
to premiere the piece in 2010. We were 
fortunate to work with such a professional 
team of curators and staff assistants at STRP. 
All of these people were ultimately vital to the 
successful realization of scale. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
TF: What challenges did you face during the 
fabrication? How did this affect the ultimate 
installation–both in terms of its final form and 
the installation process? 
  
MN: Concern for the environment and welfare 
of the fish was key. The water conditioning 
apparatus we used is quite sophisticated, 
controlling temperature, purity, and pH, using 
a bio-ball based filtration system. 

Installation design also involved 
securing the right type of water (reverse 
osmosis or deionized), live food (which all of 
the fish preferred to any frozen substitute, and 
thus required a separate refrigerator for 
storage), and appropriate medicines in case 
any fish developed a treatable condition. 

From an initial database of more than 
60 species, we sought out “robust” species, 
and removed from consideration those that 
were known to be otherwise. On some level, 
this might be considered analogous to 
“casting,” where we were hoping to find an 
optimal combination of frequencies (which in 
many cases were species-limited), availability, 
and hardiness. 

localStyle (Marlena Novak & Jay Alan Yim) + Malcolm Mclver    
scale: Novak beta testing at Northwestern University, Evenston, IL, USA. scale (2009-11), 12 live Amazonian electric fish (10 species), 
custom built aluminum tank frames, tanks and filtration system, 12 channel sound, Mac and PC computers, custom electronics, Lemur 
touchscreen, Max5 and custom software. photo © Marlena Novak 
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At one point we had developed a 
design that was based on a volume-to-animal 
ratio typical in the science world. After it was 
entirely built we decided to revise this upwards 
to approximately quadruple the original tank 
sizes. Despite the unanticipated expense, it 
was much better for the fish to have larger 
accommodations. Fabrication challenges 
included prototyping the circuit boards that 
pre-amplify the electrical signals from the 
sensors, finding the right materials to be able 
to transport the work from Chicago to the 
festival in the Netherlands that had 
commissioned the premiere, and getting 
subsystems to reliably communicate with 
each other in a custom-built network. 

In tandem with the need to employ 
proportions and dimensions that would 
properly communicate the sculptural and 
aesthetic facets of the project, we also had to 
design modules that could travel fairly well, 
and withstand being assembled and 
disassembled repeatedly. Cabling and 
troubleshooting something this complex is 
quite an undertaking. 

TF: So the space allowed for the fish was not 
only an aesthetic choice, but also was built out 
of concern for the fish in their temporary 
environment — as well as an awareness of the 
audience’s perception of the fish and their 
relationship to environment. This appears to 
be just one part of how this project depends 
upon an understanding, and then translation 
of the environment the fish come from, the 
Amazon River Basin.  What is particularly 
interesting and unique about this ecosystem 
that you tried to translate to an art installation 
environment? 

MN: While there has been press coverage on 
the environmental hazards affecting the 
rainforests of the region, it appeared that the 
lay public was less aware of the detrimental 
effects on the water systems of the Amazon. 
Having become acquainted with how the 
science community applied their research of 
the Ghost Knife Fish to the benefit of humans, 
I wanted to know something more about the 
original river basin habitat of these special fish. 

From various updated online sources, 
and specifically from a report by researchers 

at Woods Hole, I read about activities that are 
currently endangering the Amazon River 
ecosystem, such as deforestation, oil 
extraction, gold mining, over-harvesting and 
dam building. They report that large dams can 
restrict access to breeding and feeding areas 
for fish species as well as negatively affect the 
water cycle and the flow of nutrients. They also 
address over-fishing as a concern, and, of 
course, I have to assume responsibility for our 
contribution to that, in terms of using fish from 
this region in our own project. Water quality in 
this area is additionally affected by soil erosion 
due to the loss of floodplains, a range of 
agricultural pollutants and waste from drilling, 
mining and farming. [ii] And the list goes on… 

Our main focus was to make the fish 
as comfortable in their new environment as 
we could manage, and Malcolm had 
considerable expertise in this regard. This care 
required a particular type of water, food and 
filtration system and methods to make all of 
that immediately available. 

TF: How did you design the technology — 
particularly through scale's interface — to 
educate the public about ecological 
concerns, in particular the fragility of the 
Amazon River Basin? 

MN: The educational intentions reside more in 
the envelope around the work — as wall text, 
an introductory video (in the Eindhoven 
version), and direct interaction between artists 
and audience members during an exhibition's 
run — than in the initial experience someone is 
likely to have while standing on the podium. 
The podium experience is supposed to 
function as a trigger, a way to engage 
someone's curiosity and interest. I think many 
of the best educational experiences come 
about in the absence of an overtly didactic 
approach. But there needs to be a balance 
between this and we discussed what was too 
much and not enough… I think this changes 
with the venue and the audience and I feel it 
still needs further resolution. 

It's also important to provide an 
understanding of these concerns to the 
curators and the staff and, fortunately, we had 
several opportunities to discuss this with 
members of the press. 
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TF: One of the concerns you raise in this work 
is the issue of “trespass.” Can you describe 
how that pertains to your use of these 
particular Amazon River Basin fish? 
 
MN: Well, a recurrent line of inquiry in 
localStyle's projects has involved examining 
boundary awareness from different angles, 
and sometimes that takes us into the territory 
of “trespass” (e.g. Edge Detection, pr!ck). I 
don't know if it is exactly right to put the notion 
of trespass per se in the foreground of scale, 
but it is true that one of my hopes was to 
foster greater awareness of the 
interconnectedness of rainforests and the river 
systems that interlace them. 
 
TF: Still on the topic of “trespass;” by calling 
the 12 different species of fish a “choir,” we 
are brought into a critical space of 
anthropomorphism. Can you comment on the 
practice of anthropomorphizing in both 
everyday and art, and how it informs 
localStyle's work? 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MN: In the early stages of developing the 
conceptual structure of the work, the team 
member with the engineering background 
suggested that we could use fish with different 
frequencies to “play a melody, like an organ 
keyboard.” The sound artist and I felt strongly 
that it was crucial to reframe the musical 
metaphors so that the context would be that 
the audience would be exploring harmony, in 
the course of having an experience akin to 
conducting a choir of electric fish. The 
linguistic implications are important here: the 
phrase “living in harmony” (with each other, 
with the Earth, etc.) has sociopolitical 
resonances that the musical term “melody” 
doesn't evoke. And rather than regard the fish 
so much as objects/instruments, or 
components in a mechanism like an organ, 
we wanted to encourage participants in the 
installation to see the fish as members of an 
ensemble with whom they were collaborating 
to  produce  a  musical  performance,  shared  
with the rest of the audience. 

Anthropomorphizing can be beneficial 
if it can be leveraged to create empathy. 

	  
 localStyle (Marlena Novak & Jay Alan Yim) + Malcolm Mclver     
 scale, installation (close up view) at the STRP Festival 2010, in the Philips- Klokgebouw, Eindhoven, NL. scale (2009-11), 12 live   
 Amazonian electric fish (10 species), custom built aluminum tank frames, tanks and filtration system, 12 channel sound, Mac and PC   
 computers, custom electronics, Lemur touchscreen, Max5 and custom software. photo © Marlena Novak 
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Sociologists have already written a lot about 
the use (by politicians, by the military) of 
dehumanizing techniques — such as 
propaganda — to objectify others, and make 
it more acceptable for us to act in far less 
considerate ways towards them as a result. As 
an artist, I feel responsible for trying to 
increase the kind of understanding that is 
correlated to empathy, and not just the kind of 
understanding that can come about through 
objective manipulation. 

So the choir metaphor drives the 
physical design of the installation: a 120-
degree arc with a conductor's podium at the 
center of the arc, placing the fish tanks on 
aluminum “risers” so they are at eye level 
(hierarchically treating them as equals); using 
twelve speakers placed so that the sound is 
spatialized as it would be if the fish were really 
singers in a choir; modeling the LED displays 
after the VU meters commonly found in 
recording studios; mounting the touchscreen 
in the podium so it is placed where the score 
would be in a musical performance. The 
dimensions of the aluminum frames are 
designed with classical proportioning systems 
in mind. 

Still — I’m aware that we cannot 
pretend that these fish had any type of agency 
in ‘choosing to be collaborators’ and this 
anthropomorphizing is a territory we, as artists, 
have be careful of and responsible for. 
 
TF: The way in which scale navigates the 
difficult territories of both agency and empathy 
is primarily through technological means, 
which is undeniably the standard in 
contemporary laboratory practices. However, 
scale is far from a lab experiment, especially in 
its dependence upon a participating, 
“performing” audience. How do you relate the 
use of technology as intermediaries between 
animal and human? More specifically, how 
does scale's processing of the natural tones 
emitted by the fish into a digitally-processed 
version with LED feedback serve as an analog 
for how we relate to nature via technology? 
 
MN: It's important to clarify that the fish don't  
really emit tones per se: they produce 
electrical fields that are characterized by 
periodic alternation, and it's that alternation that 

we are sonifying. The periodic alternation has 
a frequency, and we can hear that frequency 
as a tone. The unmodified waveforms are 
relatively simple ones, with few harmonics, so 
when we experience them as sound, the 
timbre is pretty rudimentary (though just fine 
for use as an underwater perceptual system). 

The technology (sensors, signal 
amplification) makes it possible for us to 
translate the weak electrical field into 
something that we can see and hear. So, 
technology makes this accessible to us as 
humans, since we don't otherwise have the 
capability to detect this kind of electricity, any 
more than we are able to hear frequencies that 
bats and dogs and whales use, or see 
ultraviolet light like bees. These kinds of fish 
don't vocalize or hear the way we might think 
of auditory phenomena, but they have a 
marvelous sensory system that we can 
eavesdrop on, as it were. 

Strictly speaking, there are no natural 
tones in scale. Everything is digitally 
processed, or we wouldn't hear the fields. 
Providing an option for additional processing 
is a tactic to enable people to compare the 
minimally-adulterated sound experience with 
something more acutely cultured. For reasons 
of immediacy, the sound design toggles 
between the relative monotony of the straight 
signal, and the greater timbral richness and 
animated variability of the “processed” signal. 
But, in fact, it is all processed in one way or 
another. 
  This wouldn't be the first time that 
humans have relied on technology to have an 
experience of nature; there are countless 
examples! Van Leeuwenhoek needed optics 
and lenses to see microorganisms; Darwin 
needed a ship to travel around the world; 
people take photographs with their phones 
and share them on the internet. A great deal of 
the time technology is treated as if it were 
transparent, but in one form or another it's a 
vital mediator that enhances our capacity to 
appreciate nature.  
 
TF: You mentioned that scale premiered at 
the STRP festival in 2010. What was the overall  
reaction? Was there any surprising feedback, 
or any instances that made you view scale 
differently than you had before? 
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MN: There were times when we had very 
large crowds at STRP so we were 
continuously on guard to monitor the safety of 
the fish. The festival curators and staff were 
exceptionally committed to this at every level, 
as well, from assisting us when the groups of 
visitors seemed potentially overwhelming, to 
keeping the light levels accurate through the 
day and night for the cycle of the fish. In 
addition to their professional staff, their team of 
volunteers was eager to learn about the 
concept of the work so they could explain it to 
the audience during their stints monitoring the 
installation. 

A visiting curator to the festival reacted 
to the piece with an invitation for us to present 
scale in Beijing at the National Art Museum of 
China in the TransLife 2011 Triennial. 
Audiences in both countries were enthusiastic, 
including school children, adults of many 
ages, scientists, artists, journalists, and 
musicians. This was especially the case at 
STRP, where part of the festival programming 
included DJs and headlining concert artists 
like Underworld and Jónsi (lead singer of Sigur 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rós). Karl Hyde blogged while he was still on 
the road about his experience of the “singing 
electric fish.” There were multiple opportunities 
to participate in a sophisticated dialog. 

Returning from the premiere in Europe, 
we ran into a situation where the export 
regulations had changed within the time we 
had shipped the fish, due to TSA-related 
issues, which meant our fish had to have their 
return flight delayed for a period of thirty days. 
Fortunately a Dutch aquarium enthusiast gave 
them temporary accommodation and they 
were well cared for. But since that experience 
we became concerned about the degree of 
stress the fish are under with this type of 
timetable. (The logistics include arranging for 
them to travel in individual bags of warm 
oxygenated water inside insulated containers 
on overnight flights, and with limousine service 
by team members to and from airports.) The 
next time that we presented the piece we 
sourced the fish in that country and felt better 
about that situation since the fish were already 
“domesticated/residents” and didn’t need to 
undergo the disruption of international travel 

localStyle (Marlena Novak & Jay Alan Yim) + Malcolm Mclver    
scale, installation view from behind, audience members at the STRP Festival 2010, in the Philips-Klokgebouw, Eindhoven, NL. scale 
(2009-11), 12 live Amazonian electric fish (10 species), custom built aluminum tank frames, tanks and filtration system, 12 channel 
sound, Mac and PC computers, custom electronics, Lemur touchscreen, Max5 and custom software. photo © Marlena Novak 
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for the festival. Additionally, even though there 
was a museum guard to watch over our 
installation in Beijing, we also hired someone 
with a technical background to be with our fish 
on a daily basis throughout the duration of the 
month-long exhibition, once we all had to 
depart.  

Seeing the audience in both countries 
respond with awe to the individual 
characteristics of each of these fish brought 
back that sense of “regard” and respect that 
initially sparked our own interest in developing 
this project. 
 
TF: Did the process of making and showing 
scale, as well as subsequent reaction and 
participation with the piece, affect the work 
you've made since then? 

MN: I've become even more attentive than I 
was before regarding pollution and over-
consumption as a result of my personal 
interaction with these ambassadors of the 
Amazon. And, consequently, I was asked to 
be a committee member of the College Art 
Association Taskforce on the Use of Human 
and Animal Subjects in Art. This engagement 
was very instructive as we were a diverse 
group attempting to develop a set of 
guidelines to assist artists and curators 
working with these subjects. 

I imagine that each work has an 
impact on the projects following, but the 
immensity of the logistics and experience in 
developing and presenting scale has 
undoubtedly informed my art practice on 
levels that I may not even be cognizant of. A 
more recent localStyle project foregrounded 
the compositional sophistication of the 
European blackbird in its urban habitat with an 
interactive component in collaboration with 
Jesus Duran and Jay Alan Yim; Bird premiered 
at the University of New Mexico Art Museum 
and was presented at the 2012 Taipei Digital 
Art Festival (Taiwan). No birds were touched in 
the making of that piece… 

The project I’m currently developing 
takes some of its inspiration from Borges and 
Foucault, and explores real and imaginary 
creatures and how we taxonomize them. 
There is certainly a deeper reverence towards 

other species, even fictitious ones, since my 
encounter with scale. 
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umor has it that once, in the Cretan 
waters of Lake Kournas, the reflections 
of the White Mountains writhed with 

freshwater eel. Under the watchful eyes of 
Athena’s temple, they were comrades with the 
little owl Glaucus. Some say Athena’s serpent 
was born of Gaia, giver of life to all of earth 
and the universe. Some link her with 
Medusa…  

Five thousand miles away, under the 
footprint of the Catskills, a fisherman ran an eel 
weir on the Delaware River. He moved each 
stone by hand to build the walls that funneled 
those eels into his trap each September.  It 
took him all summer. And now it takes the 
summers of someone else. Sometimes the 
run is immeasurable, and they spew over 
those hurdles in ropes. Did you know eels can 
climb walls, and bark in the night like dogs?  

As he harvested the run, he was 
watched by eagles and bears and bees. They 
danced in the shadows of rabbits and deer, 
watched by the new moon and stars…  
 I want to record this for you. 
Sometimes, I think there’s no way to pin a 
moment down, you know? Or to explain it 
later. But, I want to try. And, maybe you will 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
want to hear more, just like I did. And now, 
where do I start? Perhaps this… 

Today, an ominous light is hanging 
over the Hudson. It’s sixty years later and he’s 
whistling, and collecting water from 
Hannacroix Bay “And that’s where I found the 
eel,” he says, laughing, “right there in the mud 
while I was taking samples!”  

We drift, under the watch of eagles. 
And then the sky breaks open, and it rains, 
cats and dogs. And that purple light splits into 
white lightening, and we retreat… and head 
for coordinates K9. How perfect is that?  

Ah… but maybe that’s the wrong 
story… maybe this… 

She’s 90 years old, and I overheard 
her at a party, telling stories about eels. And I 
can’t stop thinking about them. So, I finally 
track her down and call her, and ask her to 
retell them, because it wasn’t the stories I 
remembered, but her memory of them. 
Passing them on, like heirlooms.  
 
 Well, I was fishing that day, for sun 
perch… 
 
She says when I call her up 

R 

 
 
AFTER THE RUN 
 

After the Run is an installation storytelling installation told in video, sounds, and lights. It starts with the eel run; 
a migration that happens each September on the coming of the new moon. As the eels pass through the 
Delaware River by night, the Great Bear (Ursa Major) is recreated above New York’s Catskill Mountains in 
twinkling lights. After the run, the story winds into a myriad of conjoined tales, crossing oceans, histories, 
memories and lives, from Athena, to King John, and me; Helen of Troy.  

After the Run is composed mainly of my own autobiographical stories. The person I over heard at a 
party “telling stories about eels” was Franklin B. Zimmerman, the musicologist, conductor and Baroque music 
expert. Born in 1923, Zimmerman is perhaps best known for founding the Pennsylvania Pro Musica 
ensemble, and for his extensive knowledge of the English composer Henry Purcell. Anecdotal contributions 
also come from my father Roy Bullard, and the musician and performance artist of Power Animal Systems, 
Jason Martin. After the Run was first shown in March 2014 at The Experimental Media and Performing Arts Centre 
(EMPAC), Troy, New York. The following is a transcript of the story. 

 
 
Author: Helen J. Bullard 
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Way down near Portuguese Beach.  

Her voice is slow, and measured, retrieving 
those memories; reaching back so 
thoughtfully. 

I was swimming by this crevice, and I 
saw a pink abalone, so I reached for it. But to 
my horror, there was a moray eel in that 
crevice!  

She pauses and thinks, and… there’s a click 
on the line while I wait for her voice to return. 

I saw him strike a fish, 

She says 

and he looked like such a fearsome 
creature, I thought he might strike me next! So 
I speared him. I towed him into shore, and 
took him home to Pasadena. I skinned him; 
thought I might try to get some steak or 
something off him… but he was just so tough! 

 

Couldn’t do a thing with him! 

And, she breaks off. And I think: stories stay 
with us, you know? And they change us. We 
take them, and they travel with us, and 
become our own.  

And sometimes, they last a lifetime. 

For three years, I watched the low heavy 
fenlands of rural England flood and recede. 
There were eels there once, in their 
thousands. There are stories of fishermen and 
farmers and ferrets on leashes hunting eels in 
the wet fields by night. They teemed through 
the Great Ouse River that empties into the 
cold North Sea … but where to then? Tales tell 
us of all the eels in Europe and The New 
World joining forces; spawning together in The 
Sargasso Sea in knots of writhing, dying 
bodies… King John lost the Crown Jewels in 
the North Sea once, on the causeway of the 
Wash. His horse-drawn carts were too slow for 
the rising tide and… all was lost… but the  

Helen J Bullard 
In the Cretan water of Lake Kournas Installation shot from After the Run: video mapped to acoustic tile, 2014, image: Joseph Laub 
© Helen J Bullard 
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“king. But… I dig I digress”. 
 

Those eels furnished the bellies of 
herons. And my father. The eels are united! E 
Pluribus Unum; Out of Many, One. They are 
elusive!! Hiding in the corners, fleeting out of 
sight…  
 
All sisters. All brothers. Scheming their route 
together... hmmm… and now how do I get 
over there? … They’re pack animals.  Some 
believe they have two hearts.  
 

My father likes to eat eels… but 
they terrify him. They’re too much 
like snakes; river serpents, 
perhaps. He remembers a day with 
his brother; they saw an eel moving 
in the river under a watermill,  

 
 
 
 
 
 
disturbing the silt. They caught a 
whole bucket of eels that day, 
baited with bacon on strings. But it 
was the last one he remembers; it 
wove itself around and around the 
line and wouldn’t let go. The 
strength of it terrified him.  
 
My grandmother had to kill eels; 
they terrified her. It was her job as a 
child, a right of passage. They 
creeped her out, kept in the 
bathtub like that, she hated them! I 
think of it sometimes... 
 

I had an eel in my bathtub once. And I am 
telling you this as Helen of Troy. Athena’s 
Athens is 5,000 miles away, but I used to 
know a little owl by her Latin name: Athene  

	  
Helen J Bullard 
After the Run, video still. Moon image: Thomas Hartmann  © Helen J Bullard 



	   63	  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

	  

Helen J Bullard 
Coordinates k9, animation test shot  2014 © Helen J Bullard 
After the Run, installation shot.Too Slow for the Rising Tide Image: Kathy High / Ryan Jenkins, 2014 © Helen J Bullard 
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noctua, and she was loyal. Her cool eyes 
looked right through mine as she quartered 
those low fields. I was a falconer, of sorts. Not 
far from Ely; that city in the fens, where eels 
once were.  

 
I guess… all things are related. 
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 After the Run, video still. Dying bodies © Helen J Bullard 
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