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Agenda
DAY 1

Time Title Speaker

8:30–8:50am Welcome

Moderator: Kathryn Kegel

8:50–9:10am Informing the trophic dynamics of the giant Pacific octopus across  
Alaska through the application of stable isotope analysis Ben Jevons

9:10–9:30am Diet analysis of the burrowing octopus, Muusoctopus leioderma, using 
stable isotopes Katherine Pekar

9:30–9:50am Immune function in Octopus rubescens in response to ocean acidification 
and warming Monica Culler

9:50–10:10am
Toward a sustainable, closed-system cephalopod breeding system: 
laboratory culture of Japanese bobtail squids and the life cycle of 
Euprymna berryi and Euprymna morsei

Jeffery Jolly

10:10–10:30am An anecdotal guide to Euprymna scolopes husbandry at SEA LIFE  
Kansas City Brittany Stopp

10:30–10:50am Break

Moderator: Chris Van Damme

10:50–11:10am The influence of nociceptive sensitization and self-referential visual cues 
from superficial injuries on camouflage behaviors of Indo-Pacific octopuses Ryan Howard

11:10–11:30am Characterization of spectral discrimination strategies in the octopus Natalie Clay

11:30–11:50am Visual response properties and functional organization of the  
octopus optic lobe Judit Pungor

11:50am–12:10pm Collective decision-making in the arms of the octopus Dominic M. Sivitilli

12:10–12:30pm Octopuses in wild and domestic relationships David Scheel

12:30–2pm Lunch

Moderator: Kaela Wuesthoff

2–2:20pm A brief retrospective on using the Octopus Behavioral Matrix Trevor Erdmann, 
Lance Hayes

2:20–2:40pm Implications of the physiological changes during senescence on the 
welfare of the giant Pacific octopus Meghan Holst

2:40–3pm Improving keeping and welfare for captive Octopus cyanea through 
environmental enrichment Keishu Asada

3–3:20pm Octopus Week at the Seattle Aquarium
Katie Hart,  
Lindsay Holladay 
Kathryn Kegel

3:20–4:20pm Roundtable

4:20–4:30pm Odds and ends

4:30pm Depart for happy hour



DAY 2 

Time Title

9:30–10:30am Light breakfast and discussion 

10:30–11:30am Seattle Aquarium tours 

11:30–Noon Break 

Noon Bus departs Seattle to PDZA 

5pm Bus arrives back in Seattle 



Informing the trophic dynamics of the  
giant Pacific octopus across Alaska through  

the application of stable isotope analysis

Ben Jevons, Alaska Pacific University

Stable isotope analysis (SIA) has become a widely utilized tool in tracking the trophic dynamics of 

cephalopod species worldwide. Since the stable isotope ratios of carbon (δ13C) and nitrogen (δ15N) 

found in the tissues of organisms are derived entirely through diet, an examination of these ratios in 

consumers and prey can assist ecologists and population managers in understanding complex marine 

food webs and trophic dynamics. In Alaska, the giant Pacific octopus, Enteroctopus dofleini (E. dofleini), 

plays an important and dynamic role in the marine food webs as both predator and prey. The species 

is consumed by variety of marine mammals and commercial fish species, as well as being widely 

cultivated as subsistence resource by humans. Furthermore, being the largest octopus species in the 

world (commonly exceeding 20kg), E. dofleini is a predator to a variety of marine mollusks, crustaceans, 

and fish throughout the intertidal, subtidal and offshore benthic zones. Midden analysis of populations in 

Alaska, British Columbia, and the Pacific North West have provided an effective method for analyzing the 

diet composition and foraging ecology of E. dofleini. However, these studies are limited to areas where 

middens are relatively accessible at low tide, or in the near-shore subtidal through SCUBA dives, despite 

the majority of E. dofleini encountered are incidentally caught in offshore benthic fishing events. As such, 

the challenges associated with extending midden analysis beyond the intertidal have contributed to a 

paucity of information on the trophic dynamics and foraging ecology of the species throughout its range. 

Here we present the results of the multi-level study (as proposed at the last Seattle Cephalopod Symposium, 

2016) that: (a) utilizes SIA to examine the trophic dynamics of E. dofleini in three locations across Alaska,  

(b) examines the species’ stable isotope incorporation rate during a captive diet-switch experiment, and 

(c) assesses the effectiveness of ethanol as an anesthetic in E. dofleini. 



Diet analysis of the burrowing octopus  
M. leioderma using stable isotopes 

Katherine Pekar, Walla Walla University

Muusoctopus leioderma is a deep-water octopus recently found at a depth of 10 meters near Anacortes, 

WA. We know little about the diet of M. leioderma because this species spends daylight hours burrowed 

into muddy substrate and leaves behind no middens. As a result, traditional methods for octopus diet 

analysis, which include reviewing the hard-shelled remains of prey items, cannot be used to study their 

diet. Alternatively, stable isotope analysis can be used for understanding predator-prey relationships, 

particularly where potential prey form isotopically distinct groups. We collected δ13C and δ15N isotope 

values from 14 octopuses and 32 potential prey species from two distinct groups: infauna and epifauna. 

Mixing model analysis of octopus and prey isotope values indicates that M. leioderma eats infauna, 

suggesting M. leioderma is one of few octopuses whose diet includes burrowed prey. 



Immune function in Octopus rubescens in response  
to ocean acidification and warming

Monica Culler, Walla Walla University

As the climate changes the ocean absorbs approximately 30% of the excess heat and carbon dioxide, 

resulting in a global ocean warming and acidification. These conditions strongly impact calcification and 

acid-base regulation in diverse marine invertebrates, but their effects on immune function have not been 

well studied. Some studies suggest these conditions may negatively affect immune function in bivalves 

and echinoderms, but similar studies on cephalopods are yet to be done. I measured the change in four 

immunological parameters in Octopus rubescens following three weeks in one of four treatments. Results 

indicate that future climate conditions may elicit slight changes in immune function, but that O. rubescens 

generally maintains regular immune function. This may suggest that this species prioritizes immune 

function when in suboptimal conditions.



Towards a sustainable closed-system cephalopod breeding 
system: Laboratory culture of Japanese bobtail squids and  

the lifecycle of Euprymna berryi and Euprymna morsei

Jeffrey Jolly, Okinawa Institute of Science and Technology

In the post-genomic era gene editing and traditional cell and molecular biology technologies are 

becoming increasingly available to non-traditional model organisms. Recently there has been a 

renaissance in the research surrounding cephalopods forcing a push to establish reliable and sustainable 

cephalopod breeding systems. Bobtail squids are hardy cephalopods to culture due to their small size at 

maturity, benthic nature, non-cannibalistic tendencies, and short lifespan. We will discuss the successes 

and challenges our lab has encountered culturing multiple species of bobtail squids from Japan. Our 

laboratory was the first to close the lifecycle of Euprymna berryi and Euprymna morsei, and we will 

describe the growth rate, feeding requirements, and life history of these species. Finally, we will include 

the technical details of our closed systems and some downstream applications our laboratory  

has benefited from our cephalopod culture. 



An anecdotal guide to Euprymna scolopes  
husbandry at SEA LIFE Kansas City

Brittany Stopp, SEALIFE Kansas City

Euprymna scolopes, or Hawaiian bobtail squid, is a species of squid found around Hawaiian and the 

Midway islands. They have been studied heavily in the research community for its mutualistic relationship 

with bioluminescent bacteria but haven’t often been displayed within the aquarium community. At SEA 

LIFE Aquarium Kansas City, we have been learning the husbandry required to care for this species. This is 

a presentation on what we found has worked well for us and an effort to foster interest in exhibiting this 

fascinating little cephalopod within the community.



The influence of nociceptive sensitization and  
self-referential visual cues from superficial injuries on 

camouflage behaviors of Indo-Pacific octopuses

Ryan Howard, San Francisco State University

Injuries induce neural plasticity that may drive animals to enact new behaviors that enhance survival. 

Superficial skin injuries have a range of deleterious effects on survival, including compromising 

camouflage. It’s unknown if, or how, animals change their camouflage behaviors in response to injuries 

that leave superficial skin damage. In the current study we used Octopus bocki to test the hypothesis that 

superficially injured octopuses use self-referential visual cues from their own skin in conjunction with 

nociceptive sensitization to produce optimal camouflage behaviors when injured. True or sham injuries 

were applied to different body locations, manipulating the nociceptive and visual sensory information 

individuals could receive. After injury, subjects were permitted to choose settling locations on black 

or white substrate. Still photographs taken at intervals were analyzed for RGB values. Individuals with 

true injuries showed overall darker coloration. Results showed that visual input had a minimal effect 

on coloration. Instead, somatosensory input appears to be the primary mechanism driving behavioral 

plasticity in camouflage choice after injury.



Characterization of spectral discrimination  
strategies in the octopus 

Natalie Clay, University of Washington

Despite possessing only one photopigment in its retina, a feature which should render an animal 

colorblind, the octopus, like other cephalopods, possesses an unrivaled capacity to camouflage itself 

with its surroundings. A recent theory suggests that cephalopods discriminate color in their environment 

through exaggerated chromatic aberrations caused by morphological changes in the eye. By monitoring 

the blurring of different wavelengths of light upon the retina from the visual field in response to the 

shape of the pupil, a cephalopod can still perceive color with only one photopigment. We test this 

theory using conditioning to a two-toned visual stimulus and its two differently-colored halves, to look at 

whether strobing between the two differently colored stimuli evokes the same response as that paired 

to the combined stimulus or one of its halves. Evoking the response of the combined stimulus would 

suggest that they can see the two differently colored halves simultaneously, and that a morphological 

change is not needed to see two different wavelengths of light.



Visual response properties and functional  
organization of the octopus optic lobe

Judit Pungor, University of Oregon

Cephalopods have remarkable eyes that instruct a rich repertoire of visually guided behaviors, from 

hunting prey and avoiding predation, to finding mates and communicating with conspecifics.  

Although superficially similar, the camera-type eyes of cephalopods and vertebrates emerged 

independently, resulting in one of the most stunning examples of convergent evolution. Cephalopods 

therefore have a vertebrate-like sensor (eye) connected to an invertebrate-like processor (brain). Despite 

the enticing complexity and tremendous capability of this visual system, relatively little is known 

about visual coding and neural computations in cephalopods. Anatomical studies have delineated 

the morphology and structural connectivity of neurons in the retina and optic lobe, and identified 

connections from the optic lobe to other areas of the brain. Likewise, traditional electrophysiology has 

characterized the initial steps of visual processing, through recordings of photoreceptor and optic nerve 

activity. However, there has been no direct measurement of the visual response properties of neurons in 

the cephalopod central visual system. Thus it is essentially unknown how neural circuits in  

the cephalopod brain process visual information.

We aim to identify the visual features extracted by the octopus system using two-photon calcium 

imaging of the primary visual processing area of their central brain, the optic lobe. By loading the 

fluorescent calcium indicator Cal-520 AM-ester into the central brain of octopus bimaculoides, we were 

able to visualize the activity of hundreds of cells across multiple layers of the optic lobe simultaneously. 

We recorded the response dynamics of cell populations throughout the optic lobe to an array of visual 

stimuli. We found that cells have spatially localized receptive fields, and many are selective for distinct 

features of the stimuli, including direction of motion and luminance polarity (On/Off ). These properties 

varied based on the laminar identity of the cells. Furthermore, we found a retinotopic organization of 

response to stimuli across the optic lobe, and patchy organization for On/Off preference. These data are 

the first measurements of neural coding and functional circuit organization in the central visual system 

of cephalopods, and provide a foundation to begin studying how the octopus brain performs the 

computations necessary to guide visual behavior.



Collective decision-making in the arms of the octopus

Dominic Sivitilli, University of Washington

Unlike the highly centralized nervous system of the vertebrates, that of the octopus is highly diffuse, 

existing mostly within its eight arms as a distributed network. It is within the nervous system of the 

arms that the octopus has outsourced a large part of the computation necessary to support its complex 

cognitive abilities, allowing the octopus to process in parallel the massive amount of sensory information 

available from the suckers and the motor information necessary to control the incredible flexibility of the 

arms. Being able to bend in any possible direction anywhere along their length, the arms have nearly 

infinite degrees of freedom, and to be able to coordinate these limbs the octopus faces a daunting 

control problem. Characterizing how the arms collectively acquire, integrate and respond to information 

is key to understanding the octopus’ unique form of intelligence. In support of this goal, we have 

recently developed full-body behavioral tracking techniques of freely moving octopuses, allowing the 

characterization and quantification of arm movements during complex natural behaviors.



Octopuses in wild and domestic relationships

David Scheel, Alaska Pacific University

This talk will share recent reflections about octopuses from living with them in development of a film 

project for PBS/Nature. Octopuses and humans share quite distant evolutionary ties and yet share aspects 

of sensory ability and intelligence. Octopuses thereby pose interesting challenges and conundrums for 

understanding animal-human relationships. Octopuses and humans share the universal ecological need 

to relate to predators, prey and conspecifics, as well as the unique physical characteristics arising from use 

of vision as a remote sense. I consider these as reasons to expect that the evolution of octopuses, and of 

animal cognition generally among active and visually sophisticated animals, will favor traits that support 

relationships between individuals. The evolutionary outcome of animals capable to form inter-individual 

relationships may thus be expected in any evolving biota with organisms of this kind. This talk will explore 

the ability of ocean and terrestrial animals to relate to one another in ways that are reciprocal, if not 

equally balanced, and illustrates this with the examples of octopuses.



A brief retrospective on using the  
Octopus Behavioral Matrix 

Trevor Erdmann, Oregon Coast Aquarium 
Lance Hayes, Oregon Coast Aquarium

Two years ago, a matrix was created (Holst MM, Miller-Morgan T, Stetson S, Baker H) at the Oregon Coast 

Aquarium, to help aquarists quantify the behaviors of giant Pacific octopus (Enteroctopus dofleini), and 

help determine when an animal is entering senescence, its end of life stage and needs to be euthanized/

released back into the wild. Since this matrix was created and implemented, our facility has had several 

opportunities to test it and improve the management of our display octopus populations. By using 

unbiased, objective observations and numerical data we can predict when our animals are nearing their 

end of life and need to be released. We have used the matrix on five individuals in these two years  

(2 female, 3 male), and will present our conclusions in our presentation. 



Implications of the physiological changes during senescence 
on the welfare of giant Pacific octopus,  Enteroctopus dofleini 

Meghan Holst, Aquarium of the Bay 

When octopuses undergo their reproductive phase known as senescence, they experience extreme 

physical decline over a period of weeks or months before eventual death. However, studies examining 

the physiological changes during senescence and the implications this has on welfare is severely lacking. 

With an increase demand for welfare standards in zoos, aquariums, and labs, the need for research 

examining physiology is increasingly necessary. In this study, I examine how the giant Pacific octopus, 

Enteroctopus dofleini, experience senescence and how their decline in health may affect their welfare. 

To do this, I will examine E. dofleini while they are healthy and follow them as they decline through 

senescence. Changes in physiology will be measured using von Frey filaments, a standard tool used in 

nociception studies. I will use a series of five von Frey filaments in increasing force, testing the point that 

E. dofleini sense stimulation and respond to environmental stimulus. Decline in stimulus response will 

indicate nervous system decline, and therefore reflect on E. dofleini physiological change and physical 

experience. By determining physiological decline of E. dofleini during senescence, it will provide critical 

new knowledge on how senescence influences the animal’s well-being. Preliminary research shows that 

E. dofleini experience hypersensitivity as they near death, and then a complete absence of nociception 

response the day or two before death. Perspective on how senescence may compromise welfare will be 

novel information and pivotal to setting guidelines and recommendations on ethical care of animals in 

terminal decline. 



Improving keeping and welfare for captive Octopus cyanea 
through environmental enrichment 

Keishu Asada, Okinawa Institute of Science and Technology

Octopus cyanea has a wide range of natural distribution and is potentially very interesting for scientific 

research. However, unlike O. vulgaris, the species is poorly studied and little data exists on best practices 

for keeping them. One of the most common reasons for losing octopuses in human care is their ability  

to escape from holding tanks.

Adult Octopus cyanea (n = 33) were locally collected in Okinawa throughout the year. All animals  

were housed at the laboratory facilities at the Marine Station of the Okinawa institute of Science  

and Technology. 

Animals were kept in a flow through salt water system in 3 different types of holding tanks, ranging from 

550l to 600l tanks or in 2000l tanks, all with an enriched environment with either clay pots or natural rocks 

as dens. They were fed a daily diet of enriched dead fish or live or dead crustaceans ad libitum. 

In order to assess the success of the different keeping conditions, we compared escape attempts and 

non-natural deaths during the animals’ time in human care. We found that two types of tanks, 600l 

transparent acrylic glass tanks with weighted lids, and 2000l tanks with synthetic grass lined walls, had 

significantly fewer escapes.
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