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Letter from the Editor ï January 2025 

THE REGIONAL AQUATICS WORKSHOP ï ñITôS OFFICIALò 

Pete Mohan 
 

 

If you are reading this outside of North America, you may not be familiar with the Regional 

Aquatics Workshop, better known as RAW.   Itôs an annual meeting for public aquarium 

professionals that began 35 years ago as a tiny group from the USA state of Ohio and its neighbors.  

The original attendance of a dozen or so aquarium folks has gradually ballooned into a 400-plus 

horde, and the ñregionò has expanded to routinely include representatives from much of North 

America, with friends often joining us from other parts of the globe. 
 

It was pointed out by Paul Clarkson, our newest RAW Advisory Committee chair, that our 

ñorganizationò didnôt really exist as more than an idea.   Individual hosts put their stamp on each 

meeting with varying levels of input from the RAWAC, which is composed of former hosts with 

relevant experience.  While previous iterations of the RAWAC had discussed forming a non-profit, 

Paul followed through, leading the group that finally crafted formal bylaws and incorporated RAW 

as a non-profit in early 2024.  The RAWAC provided input, and others who already manage non-

profits, such as Jennie Jansen (also a 2025 host), were valuable contributors.  The initial directors 

of the ñnon-profit corporationò are Paul (President), Becky Elsworth (Treasurer) and myself 

(Secretary).  Ohio will be RAWôs home base, and itôs appropriate that Becky and our legal advisor 

have established a home address in the Columbus area.  Why?  The idea that became RAW 

originated in a food prep room at the Columbus Zoo with managers from their aquarium (Doug 

Warmolts), Toledo Zoo (Jay Hemdal), Belle Isle Aquarium (Doug Sweet), and SeaWorld Ohio 

(me) present.   
 

The biggest kudos and high-fives must go to Paul, who pushed this effort to completion 

through an organized and thoughtful process, and Becky, who shepherded the legal and financial 

paperwork.  When I was the original RAWAC chair, I wrote some guidelines that served as a 

substitute for bylaws for decades.  Therefore, my current role is largely to provide some historical 

perspective, and I have the white hair and beard to prove it.   
 

The above directors have completed the incorporation process.  Elections for the initial 

board of directors and committee chairs will happen soon.  Becky has opened a bank account and 

Paul hired a web designer.  The new website just launched (see below).  Weôre tossing around 

ideas for a logo that will be unique to RAW, Inc.  Donôt expect much else to change on the surface 

in shorter term.  The help we already provide will be improved, streamlined and accountable to 

the board.   
 

Iôm looking forward to seeing many of you all at ñBômore RAWò at the National 

Aquarium, Baltimore, MD, USA.   As always, the abstracts from the conference will appear in 

Drum and Croaker.  Youôll find the 2024 abstracts in this issue! 
 

https://www.regionalaquaticsworkshop.org/    

(The old website address, https://rawconference.org/ will direct you to the new site, and 

https://rawconference.org/wordpress/ is now invalid.) 

  

https://www.regionalaquaticsworkshop.org/
https://rawconference.org/
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DRUM & CROAKER 50* YEARS AGO:  A RETROSPECTIVE  

Steven L. Bailey 

(From 1976 Vol.16 #1 issue) 

 

  

*With no 1975 issue published, this gaze into the Drum & Croaker rearview mirror will 

select the first of the (2) issues of D&C published in 1976 (March). 
 

This yearôs column will offer a slightly different approach versus the traditional ñRick 

Segedi styleò for this issueôs retrospective column.   The aquarists and aquarium directors of 1975 

were resourceful and industrious types, with some of them staying in the public aquarium 

profession for their entire careers, others not, but transitioned to other natural sciences callings 

where they amassed impressive bodies of work.  Two of those D&C Vol. 16 #1 issues authors are 

recognized in this installment for their life-long aquatics careers and their contributions to 

environmental education. 
 

Miami Seaquariumôs Leatherback Turtle 

Patricia F. Foster, Aquarist, Miami Seaquarium 

This is an engaging account of early pioneering husbandry work on Dermochelys coriacea, 

the leatherback sea turtle, the most difficult of sea turtle species to maintain in a controlled 

environment.  
 

Still a nearly unexhibitable species, this work by the Seaquarium (in collaboration with the 

Florida Department of Natural Resources) demonstrated substantive progress over the course of 8 

years of effort.  Astoundingly, the account details a hatchling specimen reaching 17months of age 

and a weight of 51lbs.  
 

The evolving project in 1975 concentrated on diet, behavior, and tank enclosure design 

parameters.  A number of these husbandry aspects (to this authorôs knowledge) have changed very 

little despite the passage of 50 years. Amongst those factors mentioned are: 

¶ tank design ï circular geometry with foam & nylon padding.  

¶ diet/nutrition ï repeated trials led to a focus on the Mangrove upside-down jelly 

Cassiopeia xamachana with vitamin-injection supplementation. 

¶ behavior ï includes notes on repetitive behaviors e.g. wall rubbing and its requisite 

abrasions.  

¶ wound treatments - potassium permanganate and violet gentian.  
 

Interestingly, Aquarist Pat Foster went on to marry a fellow Seaquarium husbandry staffer 

Patrick ñBuckoò Turley and earn her PhD.  She served many years with USAID overseas 

organizing and implementing a variety of environmental health, fisheries, and forestry projects, as 

well as work as an international biodiversity specialist.  She continues to travel, engage in 

environmental advocacy, and write extensively as a naturalist in Northeast Florida.  Here are links 

to a few of her columns:  

Patôs Wildways: Snorkeling - Fernandina Observer 

Pat's Wildways: Otter Introductions - Fernandina Observer 

Patôs Wildways: Crooked River State Park - Fernandina Observer 

https://www.fernandinaobserver.org/stories/pats-wildways-snorkeling,32646?
https://www.fernandinaobserver.org/stories/otter-introductions,34189?
https://www.fernandinaobserver.org/stories/pats-wildways-crooked-river-state-park,41276?
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Pat was contacted to share that her leatherback sea turtle submission was having 

particular attention drawn to it.   She was quite delighted to hear of it being resurfaced! 
 

 
Seaquarium Aquarist Pat Foster with leatherback D. coriacea hatchlings c.1975 

Photo credit: Pat Foster-Turley 

 

{1976} NOTICE (of changes for Drum & Croaker going forward) 

William P. Braker, Director, John G. Shedd Aquarium. 

With Vol.16 #1, and with the following message, the Shedd Aquarium team led by Director 

W.P. Braker passed the D&C torch to John H. Prescott, Director, New England Aquarium for 

continuation of D&Côs documentation of, impact and influence on the public aquarium industry.   

 

With this issue the John G. Shedd Aquarium will turn over the responsibility for editing, 

publishing and distributing to the New England Aquarium. John Prescott has agreed to 

do the honors for a few years. 

 

We are proud to have had a part in the publishing history of this unique, elite and sacred 

journal. Kim Marggraf, Editor of Drum and Croaker, and my Secretary, has left Shedd 

Aquarium for other pursuits. She deserves our thanks for the countless hours she spent 

typing, assembling, and mailing these words of wisdom. 

{from} Kim Marggraf. ñAdios Amigosò   

 

Bill Braker is still going strong at 98 years of youth, and was just mentioned at our periodic 

Sunday breakfast rendezvous by Capt. John Rothchild, retired Coral Reef II collecting boat captain 

of 34years.   
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Mr. William P. Braker is a name very familiar to many of us long-serving ñaquarium-

lifers.ò  His contributions have been immense, including a leadership role in convincing existing 

public aquaria to join the public zoo organization that has become AZA.  His strong and influential 

guidance initiated field conservation projects, pioneered collecting expeditions involving 

aquarium supporters and donorsô participation, mentored many future aquarium leaders, and 

cultivated collaboration amoungst an influential group of national and international aquarium 

directors, to mention just a few accomplishments.   His legacy is considerable and he is, for many, 

the preeminent architect of institutional excellence. 

 

As an aquarium director who started in the trenches ï ña tank man,ò as Mr. Braker describes 

an entry-level husbandry position ï he fully understood the nuances and considerable invisible 

considerations and subtle details of operating a public aquarium. As a native Chicagoan, he was 

delighted to be asked by Shedd Aquarium Director Walter Chute (formerly of the South Boston 

Aquarium) to assume the Assistant Director position and learn by doing, an anecdote that Mr. 

Braker has shared with many over the years.  

 

Our industry has changed significantly since its inception in the 1850s.  Mr. William P. 

Braker has been a witness to and creator responsible for much of the last 50 years of its evolution. 

. 

 
Shedd Director William P. Braker in flight with collecting trip specimens c.1960s. 

Photo credit: zooaquariumvideoarchive.org 
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NOVUS AQUAS (NEW WATERS) 

Barrett L. Christie, enteroctopusdofleini@yahoo.com 

 

 

Once upon a midnight dreary, while I pondered, drunk, eyes bleary - came a rapping at my 

office door.  A ghost appeared, an apparition, a dreadful spectre on a mission, intent upon restoring 

imagination to our tanks without intent to bore.  Startled by the stillness broken, and seeing a 

zoologist once outspoken, I asked, pleaded, to know perchance why he has come to my door.   

 

Suddenly he started toward me, I began to see this devil more closely, and in a flash he 

jumped up on a hickory stump, and said ñboy, let me tell you whatò. 

 

Alarmed at this spirit before me, and confused as to how a stump had appeared in my office, 

I asked who he was, and what he wanted from me, for I had no fiddle playing abilities of which to 

speak.  As I got a closer look at his face, I realized ótwas not a demon, nor an ogre, or devil as I 

had surmised before.  He was strangely familiar, though I could not say as I have ever met the 

man.  I began to calm as I realized this mustachioed spirit was not intent on doing any harm, he 

said I could call him óWô.  Then the spirit demanded of me an answer to his question: ñHow is itò, 

he asked, ñthat you are trying to buy a jaguar shark for eleventy-thousand dollars, when you donôt 

even have a proper exhibit for bluegill?ò 

 

ñBluegill!ò I replied, ñWhat would a common backyard species like Lepomis macrochirus 

possibly do for my aquarium?ò 

  

Surprised, W. exclaimed ñYou only think you are doing something for your aquarium, 

when you have lost sight of your mission, which ought to be thinking of what you can do for the 

average visitor to your aquarium.  All your mission statements contain some permutation of the 

charge to inspire, after all!  You really think that spending that much money on a species that only 

another biologist will truly appreciate is a better way of connecting with your visitors than 

displaying a fascinating creature that is endemic to North America, and moreover, quite tasty when 

battered and fried?ò 

  

A bit taken aback by this challenge to my curatorial judgment, I responded that the 

acquisition of a jaguar shark, Squalicorax zissoui, was well supported by our institutional 

collection plan (which we wrote with intent to purchase a jaguar shark), and moreover was key to 

our goals of sustainability and conservation, as the animals would be part of the new jaguar shark 

SSP, a coalition of institutions who had similarly written their collection plans to indulge their 

fascination with the species. 
________________________________________ 
Footnote:  Adapted shamelessly from the classic 1973 article ñHow to exhibit a bullfrog: a bed-time story for zoo 

menò by William G. Conway (W.); with profound apologies to Conway, Edgar Allen Poe, Wes Anderson, Charles 

Dickens, and Charlie Daniels.   

 

The original Conway article is a humorous and wonderful call to action for imagination in animal exhibitry from the 

age of sterile concrete zoo enclosures, and is well worth a read by all, a reprinted copy can be found at this link:   

https://zoolex.org/media/uploads/2018/07/30/conway_how_to_exhibit_a_bullfrog.pdf  

mailto:enteroctopusdofleini@yahoo.com
https://zoolex.org/media/uploads/2018/07/30/conway_how_to_exhibit_a_bullfrog.pdf
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ñConservation!ò W. roared, ñnothing makes me angrier than the tenuous argument that 

your desire to bring this animal into your collection is for conservation!  Do you even know how 

to breed them?  And how do you expect to do so with only one animal?ò he paused, and further 

remarked ñall too often you use the fa­ade of sustainability, or conservation as a flimsy justification 

for acquiring a species you find fascinating.  Why canôt you just admit your learned curiosity drew 

you towards this exotic species, rather than the prospect of possible breeding or loftier goals?ò   

 

I began to retort with a comment regarding the marvels of artificial insemination, 

cryopreservation, and other population management tools, but W. interjected ñAnd I canôt help but 

notice youôve only defended your decisions to acquire this bedazzled wondershark, and said 

nothing of your abject failure to provide a proper exhibit for bluegill!ò 

  

Being quite off-balance in the conversation, I pointed out that that such a simple and 

ubiquitous pond fish as a bluegill just didnôt have the power to catalyze wonder in the aquarium 

guest, no one is left in awe of the LBJs (little brown jobs) so common to native freshwater exhibits. 

He raised an eyebrow skeptically ñéand besides,ò I said, ñwe do have a few as an accessory 

species in the largemouth bass tankò 

 

ñAccessory species!ò He roared, ñthatôs exactly the problem, you consider this marvel of 

ichthyological evolution to be just an accessory to the main event!  A remarkable fish such as the 

bluegill need not play second fiddle to a ditch pickle!  You throw a few bluegill in a larger exhibit 

just to fill it in, and ignore the capacity the bluegill has for education, recreation, and excitement!ò 

 

Still confused, and skeptical myself that a bluegill could ever have the same impact as some 

of the primary species we had on display, I conceded that as a biologist I could certainly appreciate 

the bluegill, though I just did not feel that they were a compelling enough species to warrant an 

exhibit unto themselves.  At this point W, incredulous, said ñAn exhibit?  Hell, you could make an 

entire aquarium themed around the bluegill and done well enough to spark inspiration in as many 

of your visitors as your highfalutinô sparkle-shark!ò   

 

And then, he said we would need to consult with three of his colleagues.  ñYou mean the 

ghosts of Christmas past, present and future?ò, I asked, to which he replied ñHa!  No, not hardly, 

we reserve those for tech billionaires, dictators, despots, and health insurance executives.  We will 

need to confer with their functional analogs in biology ï the ghost of natural history past, ecology 

present, and adaptation future.ò 

 

In a flash, we found ourselves transported through space and time, standing in a large 

enclosed greenhouse with towering tropical palms and ferns, a path winding through ponds and 

rainforest showing the Eocene period when sunfishes arose.  Bright colorful macaws and other 

parrots are perched over some exhibits, an interpreter tells us that the psittaciform birds also arose 

during this time period and were originally closer to their dinosaur cousins in their carnivorous 

nature than their modern contemporaries that adorn the shoulders of pirates and Jimmy Buffett 

resorts.   

 

A projection behind one of the pools brimming with colorful sunfish displays a hologram 

of a two-horned rhinocerous, Arsinotherium, and the signage explains that the earliest large 
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mammals arose in this time period, predated by fishes by about 500 million years.  The dense 

vegetation is also interpreted by an animation, showing how these ancient wetlands created oil 

deposits today.  As we continue down the trail the dense jungle air gives way to a minty floral 

perfume and I see we are in a dense grove of Eucalyptus, another plant that arose on earth with the 

sunfishes.  In the dense Eucalyptus plants, we see an enormous anaconda slide delicately into the 

pool, with dozens of crappie and redbreasted sunfish.  My delicate curatorial sensibilities were 

insulted by this, and I asked why on earth one would display Eunectes with an assortment of 

sunfishes and not with the myriad of South American fishes that would be geographically 

appropriate.  From beside W. the ghost of natural history past piped in ñremember, you need not 

be constrained by either time or place in exhibitry, in this exhibit we ignore place to explore time, 

specifically the era where sunfish arose on the earthécoincidentally the time when python 

diversity was at its peak!ò  

 

I conceded this was an interesting angle, but still could not help but feel unease at 

geographically disparate species displayed together.  The ghost continued ñthe story you tell need 

not be linear, but must above all, be compelling.  And what is more compelling and likely to grab 

the attention of a young visitor than a giant snake!  Thatôs how you get them to appreciate the 

bluegill!ò 

 

I could see the rationale, but my thinking had been so biased towards biogeography that I 

didnôt appreciate how all these exhibits were telling the story of a species, I noticed W. and the 

ghost heading towards a doorway and followed suit.  We stepped into a dark room, and I was 

relieved to be back in air conditioning, beautiful as the last exhibit was.  As my eyes adjusted, I 

saw W. and the mysterious ghost, next to a large sandy bottom tank in the center of the room, 

flanked by large exhibits on each wall.  Approaching the central exhibit, it was a beautiful 

recreation of a rolling sand hill as one might see between reefs, with a thriving colony of jawfishes.  

The industrious little fishes scurried to and fro, hither and thither, moving sand, moving more sand, 

occasionally squabbling with a neighbor who was also moving sand.  It was a fascinating exhibit 

to behold, yet when I asked why bluegill had been abandoned in favor of a more colorful saltwater 

species a new ghost appeared and laughed incredulously. ñYour ichthyology professor would be 

ashamed!ò he said, ñthink of the phylogeny, these are some of the closest evolutionary relatives of 

the Centrarchidae!ò 

 

Realizing that this was the ghost of adaptation future I began to realize that from the frame 

of reference of the bluegill, these large exhibits were telling the story of speciation.  And in this 

story, the throughline was the humble bluegill.  The charismatic and industrious jawfishes 

speciated in coral seas worldwide and looking up at the large acrylic panels flanking the gallery I 

realized these told a similar story.  One was a huge Atlantic Ocean exhibit, with hundreds of 

hulking striped bass, with bluefish, red drum, and other species well known to anglers.  The 

graphics talked about how these relatives of the humble bluegill represented the largest animal 

migration on earth and shared a common ancestor with the white basses in freshwater, and yes, 

our friend the bluegill.   

 

The other large tank had a beautiful tall display of bull kelp from the west coast, bathed in 

rays of interspersed ethereal sunlight, and a wide array of rockfishes, kelp basses, and a few 

ginormous Stereolepis sea basses.  The graphics showed how the sea basses and the scorpionfishes 
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all shared a common ancestor with bluegills, and I had to admit the photo of a juvenile Stereolepis 

even bore more than a passing resemblance to the bluegill we all know so well. 

 

As we passed to the next gallery we walked past beautiful coral displays from the far-flung 

Pacific, each showing how their denizens were kin to that backyard wonder so recognizable to us.  

We entered the final gallery, and I saw a third ghost had joined W.ôs entourage.  ñGhost of ecology 

present, I presume?ò I asked. 

 

ñWhy yes of courseò he responded, ñtake a look at these displays, you should find the 

theme a bit more conventional to your limited way of thinking geographically about aquarium 

exhibitsò   

 

I saw a dark wall with more than thirty jewel tanks in varying sizes, the largest holding a 

single crappie or bass, the smaller ones containing beautiful examples of pygmy sunfishes with 

brilliant hues of azure.  I realized this wall contained all the North American endemic sunfishes in 

one place, from the diminutive bluespotted sunfishes bearing iridescent blue spots, to the rock bass 

with ruby red eyes, and pumpkinseeds and longears, every bit as brilliant as the most beautiful 

exotic cichlids coveted by hobbyists. 

 

I had to marvel at this impressive display of diversity, but as we walked to the end, I saw 

a sprawling immersive freshwater lagoon full of plants and fishes commonly found amongst 

bluegill, gars, catfishes, turtles, bullfrogs, and of course, hundreds and hundreds of bluegill 

building and tending nests in the substrate, and darting in and out of wood and plants.  ñThis shows 

the aquarium guest a look at the species they may know, but in their world that is still just a bit 

alien to us, despite being right in our backyardsò 

 

We saw movies showing the bluegill building its nest through a spring breeding season, 

and graphics explaining how we were losing freshwater biodiversity at an alarming rate as waters 

warmed and invasives displaced natives.  I had to admit, this progression of exhibits all had every 

bit of appeal as the biggest and best public aquaria I had seen, and all with the common frame of 

reference of the lowly bluegill. 

 

W. spoke, seeing the realization in my eyes ñyou must give your visitors a novel intellectual 

reference pointò he paused, watching my reaction ñthe species they know is connected to an 

ecosystem that they perhaps understand a little less, which in turn is connected to species and 

ecosystems and diversity expanding out ever further around the world that they can scarcely 

imagine!ò 

 

And I realized he was right, we seek to inspire our visitors, to spark in them a bit of the 

fascination that drives us as biologists.  He continued ñBluegill are but a single example, but one 

I am particularly partial to, it could be any common species, a turtle, or maybe even a bullfrog, but 

starting from a common frame of reference makes everything more relatable.ò 

 

I realized an aquarium collection is like an all-you-can-eat buffet, the visitor can take as 

much, or as little as they want from it, but to maximize your impact you must have a little 

something for everyone.  The bluegill may not spark that child-like curiosity in them, but their 
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relatives might, as might the role in the ecosystem which supports the species they love to eat, or 

to catch, or even the charismatic species they find so damned cute.  You donôt need a huge animal, 

or an impossibly rare species to spark curiosity and fascination, you can do it with any species, 

presented well enough.  As it was incredibly late, and I had been sipping bourbon even before 

these wild hallucinations, I suddenly recalled the Robert Hunter lyric, sang by Jerry Garcia: ñOnce 

in a while you get shown the light, in the strangest of places if you look at it right.ò éa fitting 

analogy to this newfound realization. 

 

But before I could share this thought, W. had vanished into the Þther amid a cloud of mist, 

and I was back in my home office.  All that remained was my tattered copy of Spotteôs book on 

bluegill sitting atop the mysterious hickory stump.  As I pondered how the hell I was going to 

remove a hardwood stump from inside the house, I took to heart the message that no species is too 

small, too common, or too plain to be the centerpiece of an aquarium exhibit.  Every species has 

an angle that is fascinating and compelling, it is up to us to ensure other people see that. 

______________________ 

Another Footnote: For those who want to take a deep dive into bluegill, (and who wouldnôt?) an excellent reference 

is the monograph by Stephen Spotte.  A more captivating treatise on a single fish species one would be hard pressed 

to findéwell, except maybe the book on candiru by the same author, but I digress. Reference: Spotte, S. 2007.  

Bluegills: Biology and Behavior.  American Fisheries Society Press. 214p. 

 

 

 
Bluegill Sunfish, Bruce Koike 
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COLLECTION AND HUSBANDRY OF TWO ENIGMATIC MARINE  

 INVERTEBRATES OF THE SALISH SEA: BASKET STARS,  

 Gorgonocephalus eucnemis, AND FEATHER STARS, Florometra serratissima. 

Mark Murray, Staff Biologist ( mark.murray@pdza.org) 

Megan Rusin, Staff Biologist (megan.rusin@pdza.org) 

Point Defiance Zoo & Aquarium, 5400 N. Pearl Street Tacoma, WA 98407 

 

 

Abstract 

The diversity of marine invertebrate life found in the Eastern Pacific is vast and 

breathtaking for any diver who has the opportunity to experience these cold waters.  A large portion 

of aquariums across North America barely tap into the complexity of life found in the waters of 

the Pacific Northwest.  Institutionally this gap in diversity can range from factors such as 

accessibility, space, availability, cost of maintenance, and knowledge of care.  Two of these truly 

unique marine invertebrates found within the Salish Sea, whose care in captive aquaria has 

significantly progressed in the last decade, are feather stars, Florometra serratissima (AH Clark, 

1907), and basket stars, Gorgonocephalus eucnemis (Müller & Troschel, 1842).  These species are 

both found in deep, rocky, high-current environments; all of which are difficult or near impossible 

for the general public to view in person.  By streamlining collection techniques, essential water 

quality parameters, dietary needs, flow preferences, and preventative maintenance, these 

extraordinary cold-water species could be more commonly displayed in aquaria.  Expanding 

animal care skills and management knowledge within the industry will help to enhance the overall 

welfare of these animals.  These species have been collected and cared for at the Point Defiance 

Zoo and Aquarium with varying levels of success over the last decade, and it is important to learn 

from both our successes as well as failures.  This knowledge and experience will help to progress 

care and expand the abilities of other facilities to include some of these unique invertebrates in 

their collections. 

 

Introduction  

The aquarium industry has made tremendous leaps of progress in the care of our animals 

over the last century.  One of the main hurdles in our industry remains the transfer of knowledge.  

This knowledge of husbandry and collection techniques can be lost when staff turnover, move to 

another aquarium, or leave the industry completely.  It is crucial for this information to be retained 

in order to continue to provide the best, consistent care for the animals in our collections, and to 

advance the industry forward.  This information can be shared during conferences or passed down 

through generations by mentoring new staff.  Although one of the best ways to retain this 

information is through publications and transcribing new methods and discoveries. 

 

Cold-water marine fish and invertebrates found in the Eastern Pacific Ocean encompass a 

large majority of marine life found in North American waters.  Yet fewer institutions exhibit the 

diversity of life found in these temperate seas bordering North America.  Reasons for this lack of 

diversity can include cost of acquisition and care.  Typically, it is easier and more cost effective to 

heat water than to maintain a lower temperature in which many of these organisms require.  

Institutional knowledge to care for some of these complex invertebrates is limited as well, with 

only a few institutions exhibiting other Eastern Pacific specific organisms such as the Orange Sea 

mailto:mark.murray@pdza.org
mailto:megan.rusin@pdza.org
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Pen, Ptilosarcus gurneyi (Grey, 1860).  This can make training new staff or troubleshooting issues 

difficult when trying to bring in a new species, further pushing the need for transparency between 

institutions.  Without open communication and transparency, gate keeping of this knowledge can 

slow down and inhibit growth within our industry.  Another major limiting factor with increasing 

Eastern Pacific fish and invertebrate displays comes from a shortage of collectors in the region and 

cost of acquisition for these animals.  Many of these invertebrates can be found in high densities 

in the wild, which makes recreating realistic displays costly without the ability or knowledge to 

breed these animals in house.  A cost-effective method is to collect these animals within oneôs own 
institution, and have direct control of the collection, care, and transportation of these animals.  

Collection trips give staff the opportunity to experience the ecosystem first-hand in order to create 

displays that better interpret the ecosystem and potentially make changes to preconceived 

husbandry techniques based on in-field observations.  With all of these challenges in mind, there 

are two species of cold-water marine invertebrates, which are not commonly seen in aquariums, 

that we would like to discuss in terms of collection, care, and display. 

 

Both the feather star, F. serritissima, and basket star, G. eucnemis, reside in the Phylum 

Echinodermata and are found all along the Pacific Coast of North America from Alaska down to 

Baja California at depths as deep as 6,000ft (Hendler et al., 1995; Rosenberg et al., 2005).  These 

species are found in deeper depths and in rocky high current areas, making them uncommon for 

many recreational divers to encounter.  Care for both of these species has been limited in aquaria 

with mixed success based on the institution and the staff at the time of care.  Recently more success 

has progressed care for both of these species particularly the basket star, G. eucnemis, is being 

seen in more institutions around the Pacific Northwest.  The Point Defiance Zoo and Aquarium 

(PDZA) has kept basket stars in their collection with varying success over the last decade.  These 

animals are either collected in house from specific dive sites or donated from nearby research 

institutions when they are trawled up during research excursions.  One particular individual has 

been in our care for 3 years with no signs of decline. The Alaska SeaLife Center has kept this 

species successfully for decades and most notably maintaining the same individual throughout this 

time (personal comment).  Recently PDZA added feather stars to our collection, bringing them in 

during the summer of 2023.  We have had no mortalities within this group.  These two species 

have been successfully cohabitating in the same display for 18 months.  We want to document our 

operating procedures and struggles so other institutions can consider adding these invertebrates to 

their collections. 

 

Feather Star (Florometra serritissima) 

Biology  

Feather stars, F. serritissima, are a species of crinoid in the echinoderm phylum. They have 

pentaradial symmetry with each limb diverging into two arms, giving the impression of a total of 

10 arms. Each arm has pinnules extending from the arm that capture food by suspension feeding 

(Pruzynski, 2021). They then carry food down the ambulacral grove via podia to the mouth 

(Macurda jr, 1970). The mouth and anus are separate on the dorsal surface of the organism in a 

central disk like region called the ñcalyxò (Figure 1) (Pruzynski, 2021).  On the ventral surface the 

larval form would have a stalk, which is reduced in the juvenile and adult form (Comeau et. al., 

2017). The organism holds onto the substrate with 20-30 cirri - hook like appendages (Pruzynski, 

2021). This species locomotes by crawling short distances as well as swimming greater distances 

(Stevenson et. al., 2022). 
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Figure 1.  A close-up view of the calyx of Florometra 

serritissima.  Note the location of both the mouth at the 

center of the central disc and the anus separate from the 

mouth.  The pentaradial symmetry can also be seen on the 

central disc as the paired arms meet down the ambulacral 

groove with podia present.  Photo: Megan Rusin. 

 

 

Collection 

This species is found primarily from Alaska through Washington, although specimens have 

been recorded as far south as northern Mexico (Pruzynski, 2021). This species is found at a depth 

of around 80 feet on rocky boulders, but has been recorded as deep as 1100m (Baumiller, 2013). 

Our institution has not observed this species within United States waters and therefore had to 

outsource our collection to a Canadian based collector. Ken Wong was able to source this species 

out of the northern Salish Sea where he collected and shipped 5 individuals to PDZA in July of 

2023. 

 

Husbandry 

We have found the feather stars to prefer moderate consistent flow. If the flow is too high 

crinoids are known to seek refuge in crevices (Macurda, 1970). We have observed that if a feather 

star does not find a suitable location in the tank providing the correct flow, their delicate arms can 

break off in small segments. Their display tank is set up with a large, epoxied boulder pile (Figure 

2) in the center of bubble tank with the tankôs only two returns angled directly at the front of the 

rock. The feather stars position themselves directly in front of the flow to maximize suspension 

feeding, and this keeps the organisms within view of the public.  In the wild feather stars feed on 

a diet composing of foraminiferas, larvae, algae, diatoms, small crustaceans, radiolarians, & 

organic detritus (Macurda, 1970). In order to mimic the wide range of food available to filter 

feeders ex-situ, a ñshot gun approachò is used to feed these individuals as their diet rotates 

throughout the week. A wide variety is offered including krill, roe, macroalgae, preformulated gel 

diets, various fishes/invertebrates blended during preparation and pre-prepared microalgae, 

engineered powdered reef foods, aquaLife® CALA-fin, and oyster eggs/ovarian tissues served 

without modification. The liquid diet is administered to the feather stars via a turkey baster ~6 
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inches from the individuals multiple times a day. The flow is reduced during feedings to maximize 

contact time with the stars. Due to low lighting on the exhibit to simulate depth, minimal scrubbing 

is required. Depending on how the food item settles out in the water, a turkey baster may be needed 

to blow off the rock pile to prevent a detritus film. Although the stars do not travel to the substrate, 

it is vacuumed regularly to prevent biofouling.  

 

These organisms have been handled out of the water without damage or loss, but minimal 

handling to reduce stress is recommended. Since this species is highly motile, they will try to swim 

away when placed back in water. With coaxing they can be guided to the desired location for 

placement. Individuals will slowly crawl around until ideal conditions are found for each 

individual. We have not observed intraspecific or interspecific tangling when placed in close 

proximity to other feather stars or basket stars. They have not shown to outcompete each other, 

making a mixed display possible.  
 

 
Figure 2.  An above view of the exhibit at PDZA showing both the 

feather stars, Florometra serritissima, and the basket stars, 

Gorgonocephalus eucnemis, on display together.  The rock pile is the 

only structure in the exhibit, and both returns in the top left and right 

of the photo are angled towards the front of the rock pile. 

 

 

Challenges 

In our experience the feather star has posed to be an easier animal to maintain compared to 

the basket star. Our only difficulty was experiencing extreme arm loss on the smallest individual 

during the final days of an observational quarantine. This was resolved by providing a more 

adequate environment on display in regard to flow and biofouling. There the individual regrew 

arms within a few months. Feather stars have the ability to regrow arms and the rate at which is 

multifactorial. Arm loss is common with 80% of observed wild organisms missing some portion 

of an arm (Mladenov, 1981). This species regenerates lost arms at a higher rate than other feather 

stars that cannot locomote via swimming (Stevenson et. al., 2022). We occasionally notice a 

broken arm but, in all cases, thus far it begins to regrow. 
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Basket Star (Gorgonocephalus eucnemis) 

Biology 

Basket stars, G. eucnemis, are a species of brittle star in the echinoderm phylum. They have 

pentaradial symmetry with each limb diverging dichotomously into smaller and smaller 

subdivisions. The basket star is a suspension feeder that perches in an elevated position, using 2-3 

arms to hold onto the substrate or elevate the mouth while up to the rest of the remaining arms are 

unfurled to snare food particles (Emson et. a., 1991). The arms contain small hooks and ambulacral 

spines that catch onto prey when the star it unfurled in a basket-like position. When a large particle 

of food is ensnared by an arm, the arm is coiled towards the mouth.  When prey becomes trapped 

by the small hooks & actively coiling arms, a mucus is secreted that immobilizes the food item.  

The arms then bring the food to the mouth which is on the underside of the body.  The mouth has 

a comb-like structure that removes the food particles from the arms (Patent, 1970) (Figure 3).  

They do not have a separate anus & any undigested fragments are expelled through the mouth.  

Basket stars have a tight relationship with cold-water corals, specifically sea strawberries in Puget 

Sound (Neves, 2020; Patent, 1970). Embryos are ingested by soft coral & will develop in the 

polyps, feeding there until they are large enough to leave & capture food on their own (Patent, 

1970).  
 

 
Figure 3.  A ventral view of a basket star, Gorgonocephalus 

eucnemis, clearly showing the pentaradial symmetry analogous to 

other sea stars.  The mouth is also clearly visible with the comb- 

like structure for removing food particles ensnared in the arms. 

 
 

Collection 

This species has been brought in to PDZA on five separate occasions since 2022.  Three of 

these instances occurred as donations from a local university. The university comes across these 

individuals during deep-water trawling course along the San Juan Channel.  These organisms are 

held in a flow through system for a few days, weeks, or months until the proper paperwork is 

obtained and a transport arranged.  The first two individuals were picked up in February 2022.  

One of the larger basket stars, which was already in poor condition prior to transport, died three 

days after arrival at PDZA.  Two additional individuals were donated in April of 2022 after a 

shorter holding period.  Both of these stars were in great condition upon arrival.  Finally, four more 
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basket stars were donated from the same university in May of 2024.  All eight of these individuals 

were collected and brought in through the same deep-water trawl methods.  They resided in 

university classroom wet tables on an open system until being transferred to PDZA.  Occasional 

supplemental feeding was provided by university staff while waiting for permitting for 

transportation.  PDZA staff provided transportation in a 20-gallon cooler.  No air was added during 

the transportation to reduce the risk of air entrapment in the central disc.  A PVC frame was 

developed with plastic mesh attached to the frame to provide structure for the basket stars to attach 

to during transport (Figure 4).  This reduced any movement or rubbing of the stars in the cooler 

and provided great stability during any unforeseen jostling during transport.  
 

 
Figure 4.  Four basket stars, Gorgonocephalus eucnemis, ready for 

transportation in a 20-gallon cooler attached to a PVC frame with 

mesh.  This allows the stars to firmly grip a rigid structure to 

reduce rubbing during transport. 

 

 

On two separate dive trips in September of 2023 and July of 2024 two divers collected 

basket stars while diving between 75 and 90 feet deep between Cape Flattery and Neah Bay on the 

northwest corner of the Olympic Peninsula in Washington state.  At the time of collection these 

stars were found in high abundance.  Once located they were gently removed from the rocks that 

they were attached to, placed in a plastic bag, and secured with a rubber band until transferred to 

a cooler on the boat.  Removal of the basket stars from the rocks could be difficult (Figure 5) 

without damaging any of the arms, so a hammer a chisel is recommended to help break up the rock 

rather than try to pry to remove the many arms.  These collected stars were then stored again in 

20-gallon coolers and immediately transported the four-hour drive back to the aquarium. 
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Figure 5.  A wild basket star, Gorgonocephalus eucnemis, prior to 

collection just outside of Cape Flattery, WA around a depth of 85 ft.  

Many of the arms are up and exposed to catch any potential food, 

while the remainder of the arms are gripping the rockwork making 

removal and collection a bit tedious.  Photo: Mikiko Williams. 

 

 

Husbandry  

Our husbandry for this species is almost identical to the feather stars.  We have found that 

they also prefer moderate consistent flow in their exhibit throughout the day.  Flow varies slightly 

and is decreased during feedings in order to increase retention time between the food and the 

individual.  The flow is increased by the end of the day to help flush out the system and keep it 

clean.  Since the basket stars cohabitate with the feather stars, they also reside on a large, epoxied 

boulder pile (Figure 2).  The basket stars have shown to prefer being near direct flow, but not 

directly in it.  Using this knowledge one can control where the basket star chooses to settle by 

setting up the flow accordingly.  The basket stars feed by perching in an elevated position and 

extending those arms in a net-like fashion perpendicular to the current (Patent, 1970).  When their 

arms are outstretched the basket stars ensnare small crustaceans, jellyfish, chaetognaths, embryos, 

and detritus that comes within reach, but may also feed on organisms found on the substrate 

(Patent, 1970). The same ñshot gun approachò is used for feeding the basket stars to mimic their 

wide range of wild diet with the same preparation of food as the feather star as noted above. 

 

These organisms have been handled out of the water without damage or loss, but minimal 

handling to reduce stress is recommended.  In order to move a basket star from one enclosure to 

another, care must be taken to gently but swiftly remove the basket star from whatever it is 

attached.  If possible, it may be easier to transfer the rock or pipe to which it is currently attached, 

and move that to the new enclosure until the basket star begins to move on its own.  If the individual 

must be removed from a larger object, slowly apply lift on the basket star and ñtickleò the attached 

arms as an applied irritant to encourage the arms to move and let go of its attachment. 

 

Challenges 

In both of our experiences directly caring for this species over the last 3 years, we have 

encountered several challenges.  These challenges first manifest themselves through a shift in the 

static behavior of the basket stars.  In our experience once the basket star has found a suitable 
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location in the exhibit, there is very little movement around the exhibit, other than opening up 

when food is presented.  If conditions are no longer deemed suitable, the basket star will move 

around the exhibit, most likely in search of more suitable conditions.  For example, we have 

noticed the basket star retreating to the bottom of the exhibit in times of warmer temperatures, 

potentially attempting to seek colder waters.  If an imbalance in conditions isn't quickly recognized 

by staff, a basket star will usually begin dropping sections of their arms (Figure 6).  This arm loss 

presents itself analogous to sea star wasting disease where we see arms dropping and tissue 

degradation that leads to a sudden death of the individual (Hewson et al., 2019).  Hemolymph and 

tissue cultures have been sampled in the past, sometimes resulting in positive Staphylococcus sp. 

and Pseudomonas sp. infections.   Like sea star wasting disease, antibiotics, such as TMP-S 

(trimethoprim sulfa) baths, have not shown any benefit to stopping the eventual death of the star, 

but may slow down the process.  The best form of treatment we have found is making adjustments 

to water quality as soon as the moving behavior is noted in basket stars.  These stars are collected 

in areas of very cold and full-strength salinity water, closer to the mouth of the Pacific Ocean.  

They are not found further into Puget Sound where salinity is typically lower, and water 

temperatures are higher.  We have found the upper limit of their captive temperature range to be 

48°F; although they can tolerate slightly warmer temperatures for short periods of time (e.g. during 

transport, LSS emergencies). PDZA is an open system and typically pulls in 29ppt filtered sea 

water from Puget Sound.  Similar to the temperature quandary the basket stars can live at this 

lower salinity, but we acknowledge it is pushing their range of what is preferred.  We have noticed 

if any of these parameters fluctuate, such as the temperature increasing above 52°F or the salinity 

dropping below 27ppt, the basket stars begin to move around their enclosures.  Keeping the system 

as cold and salty as our life support can handle is the best prevention. We have run ICP analysis 

of our collection dive site & found no other significant difference in water quality parameters. 

 

If a basket star has begun to drop arms, we have two treatment options that have shown 

some promise in stopping or reversing arm loss.  Mimicking the work from the Oregon Coast 

Aquarium in 2023 (Rudek, 2023), a 10ppm dose of Ziegler® RescueÊ Probiotic has shown to 

help slow down or reduce the signs of stress and limit arm loss.  Another treatment that has 

successfully saved one of our basket stars exhibiting arm loss is the use of hyperbaric treatment in 

combination with probiotic dosing.  In 2019 PDZA built a hyperbaric chamber off the design and 

schematics done by Joe Welsh at the Monterey Bay Aquarium (Welsh, 2012).  This chamber has 

been mainly used for treatment of teleosts, but we hypothesized this may also help better mimic 

the conditions that basket stars are more adapted to at depth.  A single individual that was dropping 

arms was placed in the hyperbaric chamber for 3 weeks.  After the arm loss had subsided the 

pressure was slowly reduced.  The individual was then moved to a separate system in a water table 

behind the scenes for close observation.  Almost 6 months later this individual is still alive, and 

new growth is seen from the arms that were dropped. 
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Figure 6.  A basket star, Gorgonocephalus eucnemis, in severe stages of arm loss.  The figure on the left shows 

an individual during hyperbaric treatment after the arm loss had subsided.  On the right is the same individual 

six months later showing new growth from the base of the arms that were previously dropped. 
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HEAVY METALS AND ANTIBIOTICS:  

SOLVING ISSUES OF DECAY IN Chrysaora plocamia 

Chelsea Bremer, Lead Jelly and Live Food Aquarist cebremer@wondersofwildlife.org 

Wonders of Wildlife Museum and Aquarium, 600 W Sunshine St, Springfield, MO, USA 

 

 

Introduction 

In early 2022, Wonders of Wildlife started construction on a 6,000-gallon stretch kreisel, 

16.5 feet tall, 20 feet long, and 18 inches deep (Figure 1). To ensure the long-term success of the 

new system and the four existing gallery exhibits, the jelly team was expanded from two aquarists, 

who split their time between jellies and fish exhibits, to a dedicated four-person jelly and live food 

team. Two rooms previously used for ambassador animals were redone to accommodate a new live 

food area and expand the aquariumôs jelly culture capabilities. Four grow out rack systems with 

five pseudokreisels each, two water tables with small pseudokreisels, two nine-foot stretch 

pseudokreisels, and two six-foot pseudokreisels were added to the original two small jelly culture 

systems. 

 

The new exhibit would be stocked with Chrysaora plocamia, the South America sea nettle 

because of their fast growth rate, size, coloration, and ease of culturing and care.  

 

C. plocamia usually grow between 50 to 60 centimeters in diameter and have an oral arm 

length between two to three meters, so a large exhibit would highlight their size (Mianzan et al., 

2014). Based on previous experience, they can grow from an ephyra to about 15.5 centimeters in 

diameter in 15 weeks with twice daily feeds of enriched 48-hour old brine artemia, and each polyp 

can produce more than 20 ephyra, so keeping a large exhibit stocked is sustainable.  

 

We received multiple shipments and donations of C. plocamia from two different sources 

to fully stock the new exhibit and hopefully develop a culture of our own. One source donated 

nettles that developed dark orange bells and stripes with light orange oral arms and happened to 

be all female, while we purchased more from another source that developed white oral arms and 

white bells with orange stripes and were all male. The two populations reproduced, and the 

resulting polyps produce medusae with a variation of colors (Figure 2). The lighter colored 

medusae are more commonly found off the coasts of Chile and Argentina, while the darker color 

variations are more commonly seen off the coast of Peru (Mianzan et al., 2014). 

 

                
ЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮFigure 1. Newly constructed stretch kreisel                       Figure 2. Color variation in C. plocamia  

mailto:cebremer@wondersofwildlife.org
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First Signs of Rapid Decay 

We received our first batch, a total of 515 donated Chrysaora plocamia that were one to 

three inches in bell diameter, on November 2, 2022. They were kept between a temperature of 58 

to 60 degrees Fahrenheit, a salinity of 30 to 35 ppt, and a pH of approximately 8.0. They were fed 

48-hour old brine shrimp enriched with live Nannochloropsis, Shellfish 1800È, and DHA SelcoÈ. 

The systems the nettles were housed in were not cycled when they were first added, but water 

quality was monitored daily, and appropriate water changes were performed when ammonia levels 

and other water quality parameters rose above the acceptable threshold.  

 

 The C. plocamia grew rapidly, behaved normally, and appeared healthy until two months 

after receiving them. The jelly team found several nettles with erosion on their oral arms that would 

either cause an entire oral arm to fall off in one piece at the base of the bell or cause segments of 

the oral arm to detach while the erosion progressed up the arm until the entire manubrium would 

fall out (Figure 3A). Occasionally, erosion would also be found in a small place on the edge of the 

bell and grow toward the center of the jelly (Figure 3B). The decay progressed quickly, impacting 

multiple but not all systems with jellies from the same source. The first observation of oral arm 

loss occurred on January 5, 2023. By January 13, 2023, the first jellies were euthanized due to 

poor quality of life as a result of the decay. One hundred twenty-seven of the original 515 nettles 

died or were euthanized in the two months following the first signs of the decay.  

 

 
                             Figure 3. A) Oral arms and the manubrium of a C. plocamia have decayed  

                             leaving only a bell and tentacles. The jelly still pulsed but could no longer eat.  

                             B) Erosion started along the margin of the bell of a C. plocamia and progressed  

                             toward the center giving the jelly a pinched appearance with pieces of the bell 

                             hanging off the nettle 

    

Treatment of Decay 

 Samples of the decay were examined under the microscope by the jelly and vet teams but 

nothing of significance was identified. The jelly team started with a conservative approach to 

remediate or slow down the decay by analyzing current husbandry methods, increasing water 

changes and water quality testing on affected systems, checking the function of the life support of 

each system, analyzing feeds and nutrition, and putting all the affected systems on a strict 

quarantine. The life support systems of the new culture systems were not finished when the jellies 

were first added, so UV sterilizers and protein skimmers were plumbed into each system to reduce 

the concentration of any parasites, bacteria, or other pests. Decaying oral arms were manually 

B A 
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removed above the decay line in an attempt to slow down the progression. Each of these methods 

failed. 

 

 On January 18, 2023, the team then tried a dip with ReviveÈ (Two Little Fishies, Inc.), 

which is normally used in-house prophylactically to remove any external pests when wild caught 

jellies are received. All of the jellies in a grow out rack system were given a one-to-two-minute 

bath in a five-gallon bucket filled with four gallons of cold reverse osmosis saltwater (ROSW) and 

80 milliliters of ReviveÈ, which is half the recommended dosage used to dip corals.  It was difficult 

to move the jellies because of their decay-related fragility, but they all made it through the bath. 

The bath slowed down the effects and kept the jellies alive longer than those that were not given a 

bath, but was not a permanent solution. A scrape of an affected nettle was sent out for an aerobic 

bacterial culture and susceptibility test on January 20, 2023, and came back with Vibrio sp. Because 

of the number of animals involved, the potential to increase quality of life, and the uncertainty of 

when the new large stretch kreisel would open, the jelly team in collaboration with the vet team 

and leadership decided to treat the jellies with an antibiotic.  

 

Not much information has been published about the use of antibiotics on jellyfish. 

Treatment with 20 ppm tetracycline baths for two hours over a course of five days has been tried 

with mixed results (Association of Zoos and Aquariums, Aquatic Invertebrate Taxon Advisory 

Group, 2021). Some people reported success while others reported they had success initially, but 

the jellies then senesced or died (AZA AITAG, 2021). One aquarium reported treatment with 

oxytetracycline and enrofloxacin baths for 6 hours every 48 hours for three days at a concentration 

of 2 ppm was successful (AZA AITAG, 2021). We decided to use oxytetracycline because it is a 

broad-spectrum antibiotic commonly used in aquaculture to treat infections caused by gram 

positive and negative bacteria such as Aeromonas, Pseudomonas, and Vibrio (Leal et al., 2019; Lu 

et al., 2021). 

 

We had difficulty acquiring the drug, so treatment was delayed until March 30, 2023. There 

were two holding systems that needed to be treated at that time, but since the effects of the 

antibiotics on the jellies were unknown, we started treating one system, observed the effects, and 

then began treatment on the second system on April 3, 2023, after no detrimental changes to 

appearance or behavior were observed. Each system was dosed with 40 ppm oxytetracycline every 

48 hours with a 25% water change between each dose. The UV sterilizers and protein skimmers 

were turned off for the duration of each treatment and water quality was closely monitored to make 

sure the biological cycle was not entirely inhibited. 

 

The first system was treated with five doses, while the second one was treated with three 

to compare outcomes. Normally, we would treat the jellies in a bath separate from the system but 

due to the fragility of the jellies from the decay and the number of jellies needing treatment, this 

was not a viable option. A low dose of the antibiotic was used to hopefully reduce its effects on 

the nitrifying bacteria and water quality, and because jellies have a simplistic physiology more 

open to the environment allowing a greater availability of the antibiotics when compared to fish.    

 

Results 

After treatment with three and five doses of oxytetracycline, the nettles stopped decaying  

and began to heal. The decay slowed down within the first two days after the first dose, in about  
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a week the decay had ceased, and by two weeks after the first dose, they were regrowing oral arms, 

and their bells were healing (Figure 4A and 4B). Before the treatment, any jelly showing signs of 

decay would die or need to be euthanized in a few days. Observed side effects of the treatment 

included reduced feeding, slowed pulsing rate, and thinning of the bells that made them more 

susceptible to damage. After treatment, if the jellies rubbed on the side of the tanks or screens, 

their bells developed a wrinkly or bubbly appearance (Figure 5). The thinning of the bells was less 

prominent when they were only treated with three doses versus five doses and tended to heal better. 

Pulsing rates returned to normal at the cessation of treatment.ШWe would lose a few jellies after 
treatments that were likely too far gone when treatments began but the deaths from decay stopped. 

This type of decay appeared in two more systems that year, affecting jellies we purchased from a 

US supplier and the original donated jellies. We treated the jellies with five and three doses, 

respectively, with similar results. 

 

ШШ ШШ ШШШШШШ 
Figure 4. A) Hole in bell of C. plocamia medusa due     Figure 5. Thinning bell of C.            Figure 6. Color of  

to decay. B) Hole in same C. plocamia healed after        plocamia after treatment and            saltwater after five 

three doses of 40 ppm oxytetracycline hydrochloride.    rubbing against the side its tank       doses of oxytetracycline                                                    

 

One of the drawbacks to treating the entire system instead of using separate baths is the 

effect of the antibiotic on the color of the water. It initially turns the water yellow, but with 

additional doses and degradation of the antibiotic, the water turns red/amber. The degradation rate 

of oxytetracycline increases with increasing salinity, pH, and light exposure, so in a full salinity 

jelly system it broke down quickly and turned the water bright red (Saraswathy et al., 2021) (Figure 

6). It was removed with frequent, large water changes with cold ROSW matched to the system 

parameters and well rinsed carbon in pantyhose placed in the skimmer boxes. After the water 

appeared clear, the UV and skimmer were turned back on. The UV caused any remaining drug not 

seen with naked eye to turn the water red again, which had to be removed with more water changes. 
 

Preparing to Stock the New Exhibit 

 The new stretch kreisel was completed and filled with saltwater by the end of November 

2023. Before jellies were added, the team wanted to test the flow patterns and flow rates of the 

system. Ninety nitrile gloves tied off and partially filled with water from the system and 300 ping 

pong balls with holes drilled into them were added to the exhibit. The gloves were used to loosely 

mimic a jelly to see where they may get stuck or rub against the side of the system, and the ping 

pong balls were used to better visualize overall flow patterns (Figure 7). The flow is manipulated 

by 11 spray bars and an upwelling plate that are controlled by 10 flow valves, so testing was 

essential to learn the quirks of the system and make adjustments before jellies were added to 

prevent as much damage as possible and see how flows can be manipulated to move jellies into 

desired positions. The ping pong balls and gloves were in the system for two weeks before 117 

A 

ca

mi

a           

B 



Drum and Croaker 56 (2025)    26 

  

Chrysaora plocamia were added in small batches over a two-week period starting on January 3, 

2024 (Figure 8). 

 

ШШШШШШШШШШШШШШШШШШШШШШШШШШШШШ 
 Figure 7. New exhibit during flow testing with gloves                          Figure 8. Exhibit fully stocked with 117 

 and ping pong balls                                                                                C. plocamia with tentacles and oral arms fully       

                                                                                              extended               
Rapid Decline of Entire Population 

 The first signs of issues occurred nine days after the first jelly was added when one nettle 

developed a perfectly shaped square hole in its bell and had its oral arms contracted (Figure 9A). 

The nettles quickly stopped pulsing, stopped eating, and shrunk significantly in size. Their bells 

deteriorated, their tentacles disappeared, and their oral arms fell off in chunks (Figure 9B). Three 

weeks after the first hole in the nettle was discovered, only two nettles from the entire population 

were still pulsing and by five weeks after, the system was empty (Figure 10).  

 

ШШШШШШ  
Figure 9. A) C. plocamia presented with a square shaped hole in its        Figure 10. Entire population of nettles 

bell, doming of the bell, and contraction of its oral arms. B) C.               showing signs of rapid deterioration    

plocamia showing signs of rapid deterioration one week after being 

added to the new exhibit. 

 

Testing  

 As with the first decay event, we analyzed our husbandry practices, increased the frequency 

of water changes and backwashes to four times per week from two, added more frequent bulkier 

feeds such as mysis, attempted target feeding, and tested all water quality parameters we could in 

house. The system was cycled, there was no chlorine, there was no copper, and pH, salinity, and 

temperature were all normal. We sent water samples to ICP Analysis to have our water tested via 

inductively coupled plasma mass spectrophotometry (ICP ï MS) for heavy metals. All levels came 
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back within an acceptable range except zinc, which was at 57.859 ppb. Current knowledge and 

experience show that jellies start seeing detrimental effects from zinc at 4.5 ppb (AZA 

AITAG, Under Review). We had sent previous samples out for testing during construction and 

before jellies were added to the exhibit with no abnormal results found. All life support equipment 

was new and double checked for metal parts, and the entire system was inspected for contamination 

from water dripping into it or items dropped in it to no avail.  

 

 To determine the source of the zinc, the jelly team set up six, five-gallon buckets full of 

four gallons of reverse osmosis saltwater that we use for all the jelly systems. Each bucket was 

filled with a single type of object that had come in contact with the system, so one was filled with 

pairs of nitrile gloves, one with ping pong balls, and three with the different metal jacks used to 

support the acrylic window (Figure 11). Each time the system is drained, eight jacks have to first 

be set up along the edge of the front acrylic window to keep it from shifting as water is removed 

or added. As soon as the system is full of saltwater, divers get in to remove the jacks to prevent 

contamination of the water. The final bucket was used as a control and only filled with reverse 

osmosis saltwater made using Instant Ocean Reef Crystals, the salt brand used throughout the 

entire aquarium. The buckets sat for a week in a back of house area maintained at a temperature 

similar to the exhibit water before a water sample from each was sent for analysis. For a 

comparison, we also sent off samples from a system filled with the same species as the new exhibit 

that had been running and cycled for more than six months, a recently turned over system, the 

water in our brine culture full of hatched eggs from INVE enriched with DHA SelcoÈ and live 

Isochrysis algae, and from the non-chlorinated city water line used to top off the new exhibit a few 

times. Samples of systems that had been cycled and running for a time and recently bleached and 

restarted were taken to establish what levels of zinc the Chrysaora plocamia could tolerate, while 

showing no health or behavioral issues, and if zinc accumulates in a system over time. The live 

algae were fertilized with Fritz Aquatics Pro F/2 algae Food part A and B. 
 

 
 Figure 11. Five-gallon buckets filled with objects used on exhibit after it was filled with ROSW and before the   

 jellies were added. From left to right: large jack with orange protective coating, nitrile gloves, small jack, large jack    

 with coating removed, ping pong balls.  

 

Results 

 It was speculated that the jacks would be the source of the zinc, because they were made 

of metal, rust in the water, and leave debris behind as seen in Figure 11. The results for the small 

jack came back inconclusive due to an error, but both large jacks came back with high levels of 

zinc and iron (Figure 12). The levels of iron from the jacks and lack of iron found in the exhibit 

water excluded them as the source of the zinc. The water from the 48-hour old brine, the ping pong 

balls, the non-chlorinated water line that is run thru carbon and used to top off the system, and the 
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control bucket of reverse osmosis saltwater each had less than 12 ppb of zinc, while the bucket 

filled with the nitrile gloves had a concentration of 298 ppb zinc (Figure 13). The second highest 

concentration of zinc came from the brine culture at 11.2 ppb, but it was easily ruled out as even a 

contributing factor because all the jellies in each system at the aquarium were fed the same food 

and did not show signs of deterioration. The powder free blue nitrile gloves from CovetrusÈ that 

we used to test flow rates and patterns before adding the jellies leached enough zinc into the water 

to cause the loss of the entire population of nettles on display. 

 

ШШШШ  
Figure 12. Levels of zinc and iron leached into a five     Figure 13. A: Concentration of zinc in water sources or                 

gallon bucket of ROSW after a week from two sets of    leaching from objects soaked in a five-gallon bucket of  

jacks used in the new exhibit                                     ROSW for a week. A: new exhibit - initial sample, B:            
                                                                                          established cycled system, C: newly turned over system, D:  

non-chlorinated water line, E: 48-hour old, enriched brine 

shrimp water, F: reverse osmosis saltwater, G: nitrile gloves, 

H: ping pong balls 

Remediation and Implications 

 Zinc is an essential micronutrient to the biological processes of marine organisms, 

especially phytoplankton, so its presence in the water is needed and expected but at a level of 58 

ppb, it is toxic to jellies (Jakuba et al., 2012). Concentrations of zinc in natural seawater are 

generally around 0.5 ppb, but they tend to decrease with increasing distance from the shore and 

tend to increase with increasing depth (B. Christie, personal communication, January 29, 2024; 

Neff, 2002). It is toxic at different levels for different species. At a concentration between 119 and 

175 ppb zinc, Crassostrea gigas and Mytilus edulis embryos start to develop abnormally, and in 

one study, at 10 ppb zinc, fertilization rates of Acropora tenius decreased by 21% (Neff, 2002; 

Freitas and Esp·sito, 2023). Based on our testing of long-established systems holding C. plocamia, 

this species can withstand zinc concentrations up to at least 8.2 ppb, but their upper tolerance level 

still needs to be researched. 

 

Immediately after the ICP ï MS results on the new exhibit came in, a subset of 15 nettles 

was removed from the new exhibit and placed in a clean system. The younger jellies in the cohort 

showed signs of improvement compared to the older jellies. They began pulsing, eating, and 

regrowing tentacles, while the older and larger nettles continued to decay. If the jellies are removed 

from a system with suspected heavy metal contamination, they may be able to recover. Their long-

term survivability after such an event needs further research. 
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 Disposable gloves made of nitrile, latex, and vinyl can all leach zinc after incubation and 

short contact, while latex gloves have been proven to leave behind zinc on tissue samples with a 

single touch (Humann-Ziehank et al., 2021). Vinyl gloves leach 10 to 100 times less trace elements 

like zinc, manganese, cobalt, nickel, and other metals that can be detrimental to aquatic animals 

especially invertebrates or contaminate labware than neoprene, latex, and nitrile gloves (Gar­on et 

al., 2017). The zinc and other elements are additives in the manufacturing process and not a coating 

that can be easily removed or rinsed off, and they are present in common well-known brands such 

as Ansell, Medline, and Kimberley-Clark (Gar­on et al., 2017). The aquarium still uses the same 

brand and type of gloves, but they are no longer used for flow testing where they are in contact 

with the water for lengthy periods of time. The jelly team no longer uses them when working with 

non-flow through polyp cultures where the volume of water is small and can easily be 

contaminated. 

 

To make the exhibit habitable by jellies again, life support staff attempted to remove the 

zinc from the water by plumbing in a carbon filter. It was unsuccessful and only reduced levels to 

32.801 ppb zinc, so the entire system was drained and rinsed with freshwater. The bioballs and the 

media in the sand filter was replaced, and every corner of the sump was scrubbed. Unfortunately, 

when the tank is drained, the jacks must be put in to prevent the acrylic window from shifting. Not 

wanting to risk contaminating the system again even though they did not cause the lethal dose of 

zinc, a new technique to place the jacks was adopted. Before going into the water, each jack would 

be placed in two large plastic shipping bags that reduce the amount of contact the jacks had with 

the exhibit water. The bags would be wrapped around the jacks and tied shut after the jacks were 

tightened into place (Figure 14). Once the system was refilled with ROSW, the jacks were 

immediately removed ensuring any water in the bags was not spilled into the tank. Two water 

samples were sent to ICP Analysis to test for heavy metal toxicity via mass spectrophotometry, 

one immediately after the system was refilled with ROSW and the jacks were removed and one 

after the system had been running for two weeks and getting water changes. Zinc was detected at 

a concentration of 9.219 and 5.472 ppb, respectively. The final result was below the threshold the 

jelly team discovered the C. plocamia can tolerate, so we proceeded with stocking the system 

again, and it has been running with jellies successfully since July 19, 2024. 

 

 
ЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮЮFigure 14. A) Divers placing jacks in bags to prevent high amounts of  

                                     metal leaching into the exhibit water. B) Jack fully enclosed in two  

                                     plastic shipping bags and tied off with paracord. 
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SERENDIPITOUS CULTURING OF Nereocystis luetkeana AND OTHER KELP  

Chris Emmet, Senior Life Support Systems Aquarist jemmet@ucsd.edu 

Birch Aquarium at Scripps Institution of Oceanography, 2300 Expedition Way,  

La Jolla, CA, USA 

 

Background: 

Birch Aquarium at Scripps Institution of Oceanography at UC San Diego is located in La 

Jolla, near San Diego, California. Bull kelpôs range is generally acknowledged to end around Point 

Conception, approximately 250 miles up the California coast. Specimens occasionally wash up on 

Southern California beaches, but there are no established populations this far south. Furthermore, 

sea temperatures off La Jolla often exceed the generally accepted range for Nereocystis, up to 59°F 

(15°C)[Figure 1].  

 

 
Figure 1. Ocean surface & 5m depth temperatures for the first half of 2024 near seawater intake. 

 

Birch Aquarium is a semi-open facility and receives seawater pumped in from the nearby 

Pacific Ocean. The system filters incoming water through a 20ɛm drum filter screen, sand filters, 

and several settling basins before it arrives at the aquarium. The tank in which the kelp grew 

(Northwest Reserve 1) is part of the Pacific Northwest system, where temperatures are maintained 

between, 41°F to 45°F (5°C to 7.2°C)[Figure 2]. The tank measures 60ò x 30ò x 24ò (152cm x 

76cm x 61 cm) inside and is filled to 19ò (48cm), giving ~150 gallons (567L) of volume (Pentair 

model #FT160W2). We have not observed bull kelp or any other macro brown algae in any other 

tank on the shared water system. 
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Figure 2. Water Temperature in NWR-1 from July through September 2024. 

 

 

Given the geography, ocean temperature, and filtration, it seems unlikely that a zoospore 

would have gotten sucked into the intake, and just so happened to have landed in the one tank 

hospitable to development. 

 

How then, did Nereocystis end up in NWR-1?  

 

On May 14, 2024 we received a shipment of invertebrates from Monterey Abalone 

Company, including several Giant Green Anemone (Anthopleura xanthogrammica) specimens. 

To try to retain their natural color, a 32-watt GE Seeds & Greens LED bulb was installed 30ò (76 

cm) above the trough, operating on a 12/12 light cycle. Additionally, a Tunze® Turbelle® Stream 

6105 Controllable powerhead was added to improve circulation within the tank. An Apogee® 

Instruments MQ-200 PAR meter measured values of 77 ɛmolẗmī2ẗsī1 at the surface and 25 

ɛmolẗmī2ẗsī1 at the bottom of the tank. It is assumed there were hitchhiking kelp spores or gametes 

in the shipment water, and some made it into the tank with the accessed animals. 

 

On June 4, 2024, small kelp blades grew among the usual hair algae, but they went largely 

unnoticed. Despite the presence of grazers like Gumboot Chiton (Cryptochiton stelleri) and Red 

Abalone (Haliotis rufescens), the kelplings remained uneaten. 

 

Houston, We Have Kelp: 

By early July, the largest kelps developed pneumatocysts and the split pattern of the blades 

resembled Nereocystis, versus local species such as Elk Kelp (Pelagophycus porra)[Figure 3].  
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Figure 3. Early stages of pneumatocyst growth & blade splitting, July 09, 2024. 

 

 

By late July, confirmation revealed that the two largest plants were Nereocystis and were 

growing rapidly. An additional grow light was added to ensure the entire trough was illuminated. 

Names were assigned based on morphology, with Curly-Q having an exceptionally long and 

twisting stipe, while Zip-Tie had a detached pneumatocyst resecured to the stipe with a zip-tie 

[Figure 4]. Despite kelp often having issues once detached from its stipe, Zip-Tie lived for about 

a month and a half and its blades more than doubled in length after its reattachment. Measurements 

taken during early August indicated blade growth of up to 7.1cm per day, averaging 3.2cm [Figure 

5]. Due to the unique nature of each stipe, the stipes were not measured. No significant change in 

pneumatocyst growth during this period was recorded. The rapidly growing kelps soon outgrew 

the measuring tape and became unfeasible to measure due to length and fragility. Unfortunately, 

the kelp soon outgrew the depth of the tank, causing the pneumatocysts to float and remain half 

submerged. After about three months of life, the kelp desiccated and split open, while its long 

blades were caught and mangled by the powerhead [Figure 6]. 

 

 
Figure 4. Fully recognizable Nereocystis individuals (L, Zip-tie, R Curly-Q), 

August 03, 2024. 
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Figure 5. Growth of longest blades of two kelp plants 

 

 

 

 
Figure 6. Zip-Tie at ñdeath.ò Curly-Q with a desiccated pneumatocyst is visible 

at right, August 24, 2024. 

 

Aftermath:  

By late August, much of the first cohort of kelp began to die off due to issues with the 

pneumatocysts cracking after desiccation. However, new plant growth was almost exponential, 

with most of the illuminated walls of the tub covered in new stipes [Figure 7]. During July and 

August, a second and third cohort began growing and appeared to contain Macrocystis pyrifera 

[Figure 8], among other unidentified species [Figure 9].  
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Figure 7. Undifferentiated kelp sprouts densely growing from the wall, August 24, 2024. 

 

 

 

 
Figure 8. Macrocystis growing from the wall of the trough, August 17, 2024. 
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Figure 9. Unidentified Kelp Species with branching stipe & multiple pneumatocysts, 

August 24, 2024. 

 

Due to large-scale construction, the Pacific Northwest system was drained and the animals 

moved to other holding tanks. Unfortunately, there was not adequate room for the kelp in the 

holding area, so the surviving kelps were transplanted onto small stones and transferred to the 

70,000 gallon (250,000L) open-air Giant Kelp Forest. This tank is on a different system than 

NWR-1, and typically holds at 60°F, (15.6°C), but varies depending on ambient temperature, 

sunlight, and ocean temperature, unlike the fairly constant temperature in NWR-1. Over three days 

the kelp was acclimated to the new systemôs temperature before being transplanted on September 

20. As of the first week of December 2024, none of the transplanted Bull Kelp has survived, but 

several Giant Kelps have persisted and are now nearly 10 ft (3.05m) in length [Figure 10].   
 

 

Figure 10. Surviving Giant Kelp in Giant Kelp Forest tank 
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https://www.regionalaquaticsworkshop.org/product-page/baltimore-md 
 
 

Dates: April 23rd-26th 2025, hosted by the National Aquarium, Baltimore, MD USA. 

  

Hotel/conference center: Renaissance Baltimore Harborplace Hotel. 

¶ 202 E Pratt St, Baltimore, MD 21202. 

¶ Less than 2 blocks from the National Aquarium. 

¶ Booking is live on the RAW website for the discounted rate.  

¶ Room block rates: $189/night + taxes and fees (17.5% as of Dec 2024) 

¶ Block dates: April 21 check-in through April 27 check-out. (This rate will be 

honored 3 nights pre- and post-block dates, pending availability). 

¶ Book your lodging here: https://book.passkey.com/go/RAW2025  

*If you wish to make your reservations by phone, please call 1(877) 212-5752  

¶ Parking is $36/day. 

 

Schedule: 

¶ AZA TAG steering committee members will be meeting pre-conference on Tuesday 

April 22. 

¶ RAW conference sessions will run April 23-26. 

¶ Evening event at the National Aquarium is on April 24. 

¶ The RAW business meeting (voting for 2027 venue) will be on April 25. 

¶ Sponsor table setup and breakdown will occur on April 22 and 26. 

 

Getting here: 

¶ BWI Airport: 10 miles from the aquarium and conference center/hotel. 

o Lightrail service (above ground commuter rail) runs from BWI Airport to 

Baltimoreôs Convention Center. From there the hotel is about a 0.5 mile walk or 3 

stops on the free Charm City Circulator (Orange line). 

o Uber/Lyft/ride share options. 

o Rental car services. 

¶ Amtrack/Train: 2 miles from Baltimore-Penn Station to conference hotel 

o Rideshare (Uber/Lyft) recommended from the station. 

o Or 8 stops from the station on the free Charm City Circulator (Purple line). 

https://www.regionalaquaticsworkshop.org/product-page/baltimore-md
https://book.passkey.com/go/RAW2025
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¶ Other Major Regional Airports (all 3 can be searched using airport code WAS):  

If driving from these, expect an extremely long transit time to Baltimore during rush 

hours (6ï9:30 AM and 3:30ï6:30 PM).  Public transportation via subways and Amtrak 

exists, but involves multiple transfers. 

o Ronald Reagan Washington National Airport (DCA, ~43 miles to venue).   

o Dulles International Airport (IAD, ~59 miles to venue). 

 

Registration: 

¶ Registration is live on the RAW website: www.regionalaquaticsworkshop.org. 

¶ $225 until 3/19/25, 11:59pm ET 

¶ $250 after 3/19/2025 

¶ Includes breakfasts, lunches, breaks, and the Aquarium evening Event 

¶ Guest registration for Aquarium evening event only: 

¶ Ages 21+: $75 + transaction fees. 

¶ Ages 5-20: $60 + transaction fees. 

  

Questions about BôMORE RAW?  Email us at:  raw2025@aqua.org 

  

 

 

 
Tiger Rockfish, Bruce Koike 
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ABSTRACTS from ñTacomRAW,ò 2024  
The Regional Aquatics Workshop, May 4-9. 

Point Defiance Zoo and Aquarium, Tacoma, WA. USA. 

 

 

Sunday, May 5th 

AZA TAG Meetings 

 
 

FFTAG Steering Committee Meeting 

George Brandy et al. 
 

AITAG Steering Committee Meeting 

Brian Nelson et al. 
 

MFTAG Steering Committee Meeting  

Paula Carlson et al. 

 
 

   

Monday, May 6th 

Session 1: Mental Well-being 

 

Talks recorded by: 

AnimalProfessional.com  

 

RAW Welcome 
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The Balancing Act: Combating Mental Fatigue in the Animal Care Profession.  

Jami Asher, Caitlin Marsh and Mina Grant  

jami.asher@gmail.com  (417)669-6166  

 Mississippi Aquarium  

 

Recently, it has become apparent that between stagnant wages, short staffing, and a greater 

focus on personal mental health, this is no longer the once sought-after profession it once was. 

With the addition of furloughs, institutions closing due to Covid, and the rise of work-from-home 

jobs, these existing issues have become exasperated, leading to a rise of professionals leaving the 

field, and a decrease of those entering the field.  

 

When working in a field that can be mentally and emotionally taxing, it is imperative to 

learn tactics to set boundaries to maintain a healthy work-life balance. At Mississippi Aquarium, 

our team employs various strategies at work and home that have been proven to work for us. With 

our curatorôs support, we set firm boundaries regarding work-related communication at home and 

help check in with each other after emotionally demanding days. We also agree to focus on 

enriching our personal lives to help off-set the mental load of this field through a variety of 

methods.  

 

While institutions might implement many of these tactics, it is also important for 

employees to be aware of when these strategies are not enough and reassess. You owe it to yourself 

to be aware and advocate for yourself just as much, if not more, than you advocate for the animals 

you care for. 

 

  

 Taking Care of Those Who Take Care of Animals 

Brooke Zurita  

bcarlson@moodygardens.org  

 Moody Gardens 

 

The industry has made great strides in the areas of Animal Welfare and Animal Wellbeing. 

The Association of Zoos and Aquariums have increased the industry standards in these areas 

drastically in recent years, but what about the welfare and wellbeing of the staff? Our facility has 

tried to address where we feel we have been lacking, and these are our results. 

 

First, we needed to identify the issues our facility was facing internally. To do this, we 

created a culture survey that was sent to every one of our staff members in our aquarium husbandry 

team. The survey was 15 statements that staff rated as either ñNever trueò, ñSometimes trueò, or 

ñAlways trueò. After each statement, there was space provided for anyone to elaborate on their 

answer if they chose to. I took all the results and rated the different statements to see where our 

strengths and weakness were as a leadership team. Once we identified the primary issues from the 

culture survey, we put different policies and procedures into place to address the staffôs concerns. 

 

 Roughly 6 months after the first survey, we sent it out once more to see if we were moving 

in the right direction. The results were surprising. We had raised almost all our scores for every 

one of the statements. This has encouraged us to make sure we are finding more ways to make 

mailto:jami.asher@gmail.com
mailto:bcarlson@moodygardens.org
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sure our staff is heard and feel listened to, including a Focus Group of staff to send us suggestions 

and feedback. 

 

Animal Care Manual for Employee Well-Being 

Megan Paider 

Megan.Paider@PDZA.org 

Point Defiance Zoo and Aquarium 

 

The most overlooked yet greatest asset for any organization is staff. Staff are responsible 

for innovation, implementing change, shaping morale, cultivating culture, and advancing the field 

of public aquariums and animal conservation. But are we contributing to a positive quality of life 

for our staff and peers? How can we improve?   

 

Highlighting employee well-being within teams can improve individualsô well-being and 

group dynamics. The presentation's objective aims to break down employee well-being in the 

Animal Care Manual format while incorporating supporting data from peer-reviewed journal 

articles and data collected through digital surveys of convenience sampling of 123 zoo and 

aquarium staff in 2023. The ACM will minimally include psychological safety, intra-

organizational trust, voice behaviors, mental wellness, sense of purpose at work, organizational 

commitment types, accountability, autonomy, professional enrichment, camaraderie, and self-care. 

This presentation will include an introduction to the topics listed above, the relationship between 

the subjects and well-being, reflective questions for attendees, and additional resources. As 

awareness improves around employee well-being, our staff and peers can thrive as they continue 

to support the mission of public aquariums and animal conservation. 

 

 

The Development and Implantation of an Animal Department Multi-Level Committee and 

How It Relates to the Assistance in Mental Health and Employee Welfare. 

Ryanne Sullivan 

John Ball Zoo 

 

Starting in March 2022 the John Ball Zoo developed and implemented a Keeper Liaison 

Group in order to facilitate communication between different areas of the animal department. This 

communal effort between all the different teams within the animal department along with our 

General Curator helped to address issues that included but is not limited to communication 

streamlining, clarification of updates and Mental Health and Employee welfare. When addressing 

our departmental Mental Health and Employee Welfare we developed a survey that addressed 

burnout and staff welfare. This presentation will go over how the meeting began its implementation 

process, the individuals involved, topics covered, the surveys implemented, and the conclusions 

that were made from the results.  

 
  

 

 

 

 

 

mailto:Megan.Paider@PDZA.org
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Resources for Employee Retention and Mental Wellbeing 

Jennie D. Janssen1 and Meghan Holst2 
1president@miazs.org , 2 executivedirector@miazs.org  

 Minorities in Aquarium & Zoo Science 

 

The mission of Minorities in Aquarium & Zoo Science (MIAZS) is to advance aquarium 

and zoo science by diversifying the professionals and perspectives within it. This requires not only 

bringing in new people and perspectives, but also supporting and retaining the variety of people 

and perspectives that are already here. To support individual professionals, MIAZS has created a 

community of professionals and aspiring professionals, networking and professional advancement 

resources, and provides centralized access to all of these plus existing resources for mental health, 

allyship, career development, financial assistance and more. These resources can be used to create 

and support work environments and cultures where minorities and non-minorities feel supported 

and inspired. Since launching in 2021, MIAZS has grown to over 150 members that identify as 

racial or ethnic minorities, and in that time, has provided financial support to 26 MIAZS members 

for conference attendance or some other professional development opportunity. Opportunities 

such as these can bolster mental wellbeing for employees, in addition to growing professional 

knowledge, skills, and networks, and can therefore also be a boon to supporting employee 

retention. Reviewing where and how to access all these resources for both managers and 

employees, attendees will also learn how they can contribute to this ever-growing repository. 
 

 

Session 2: Institutional Knowledge 

 

Sponsor Presentation: 

121 Animal Handling 

 

Cross Training for a United Animal Care Staff 

Alyssa Daily 

OdySea Aquarium  

 

Within the public aquarium industry there is a common divide between animal training 

staff and the aquarist staff. The effort required to care for such different species is specialized, 

resulting an animal care staff that do not have a clear understanding of how the other teams operate 

daily. At OdySea Aquarium a program was put forth to provide staff from both departments with 

the opportunity to shadow teams from the other department in an effort to gain exposure and 

understanding with the goal of a more united animal care team. 

 

Without hesitation there was an incredible interest in participating in this program from 

OdySeaôs animal care staff.  On a voluntary basis, members from the aquarist team were 

exchanged with members of the animal training team for four hours at a time. For example, otter 

keepers were trained on how to maintain seahorse exhibits while jellyfish aquarists were educated 

on training basics with sea lions. This shadowing opportunity was provided over a few months and 

over fifteen staff members participated.  

 

mailto:president@miazs.org
mailto:executivedirector@miazs.org
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A survey following the shadowing opportunity revealed that there was an increased 

appreciation for the other teamsô efforts and a more well-rounded understanding of animal care 

operations as a whole, leading to improved team morale and a more cohesive work environment. 

While the divide between animal trainers and aquarists has been long lived in the public aquarium 

industry, efforts like this break down the walls that have existed for so long.  

 

 

 Keeping Up with The Kraken: Releasing Phase 2 of the Kraken Curriculum 

Barrett L. Christie1, Jennie D. Janssen2, and Raquel L. Gardner3 
1 South Carolina Aquarium, bchristie@scaquarium.org 

2 National Aquarium, jjanssen@aqua.org 
3 AnimalProfessional.com, rgardner@animalprofessional.com 

 

The Kraken Curriculum is an online, self-directed professional development resource, 

created and updated from new and existing content on AnimalProfessional.com with links to 

supplemental materials. It is curated by topic to lead individuals or groups through industry 

knowledge on animal husbandry, life support systems, water quality, veterinary care, collection 

planning, and more. The Kraken continues to be a cost-effective professional development 

program, specifically focused on continuing education for the public aquarium community, while 

highlighting recent advances in the science of aquatic husbandry. Since launching in 2021, the 

Kraken has been a resource available to managers to build an in-house professional development 

program, and a tool for aquarists and keepers to drive their own professional development.  A total 

of 12,930 minutes have been completed by 56 active users to date, representing 215 hours of 

professional development (equivalent to 5.4 RAWs).  With each new conference, pertinent 

material is curated to augment the existing curriculum and create new topics.  A second phase is 

being launched with even more content including syngnathid fishes, larval fish culture, behavior 

and training, project management, and more.  Organizing existing content in this way allows for 

learning to occur from a breadth of perspectives, while also allowing industry knowledge gaps to 

be identified and filled through future presentations.  

 

 

AZA Animal Welfare Committee Update and Listening Session 

Allen McDowell1 and Dr. Grace Fuller2 
1 AZA Animal Welfare Committee/ NC Aquarium on Roanoke Island, 

allen.mcdowell@ncaquariums.com 
2 AZA Animal Welfare Committee/ Detroit Zoological Society, gfuller@dzs.org 

 

 

The AZA Animal Welfare Committee (AWC) is embarking on a new strategic plan in 2024 

that will shape the AWCôs goals and initiatives for the next several years.  An important aim of 

the new strategic plan will be to incorporate more initiatives specifically related to aquatic 

husbandry in addition to other taxa that have been considered understudied. 

 

Within the past few years, the AWC has been collecting data and feedback that has 

highlighted the need for increased emphasis on welfare science and the welfare assessment process 

within certain taxa like aquatic species.   The AWC is committed to improving the guidance and 

mailto:bchristie@scaquarium.org
mailto:jjanssen@aqua.org
mailto:rgardner@animalprofessional.com
mailto:allen.mcdowell@ncaquariums.com
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resources available for such species but knows that will require insight, direction, and assistance 

from the aquatic animal experts in the zoo and aquarium industry.  This will ensure that the 

initiatives that AWC champions will be meaningful and useful.   

 

The AWC proposes hosting a session at RAW to provide an update from the AWC and 

hold a listening session to gain valuable insight from the aquatics community.  The update will 

cover the new strategic plan that is currently being developed by the AWC and the goals it will be 

hoping to address.  For the listening session, a series of questions will be presented to the audience 

that they will be able to provide their opinion on through a web-based platform in real-time as we 

progress through the questions.  The audience will also be able to ask questions and provide 

feedback to the AWC through a Q&A style portion.   

 

  

Sponsor Presentation: 

Piscine Energetics 

 

Session 3: AZA TAG Reporting Sessions 

 

AITAG Update 

 

Sponsor Presentation: 

TJP 

   

 FFTAG Update 

   

 MFTAG Update 
 

Tuesday, May 7th  

Session 4: Research and Collaboration, Part 1 

  

Sponsor Presentation: 

Fritz Aquatics 

 

Florida Coral Rescue: Evolving to Build the Reefôs Future 

Beth Firchau  

bfirchau@aza.org  

Association of Zoos and Aquariums 

 

In 2018, at the invitation of the State of Florida and the Federal Government, the 

Association of Zoos and Aquariums mounted a first of its kind multi-species rescue to preserve 

critical coral diversity of the Florida Reef Tract, also known as Floridaôs Coral Reef. The rescue 

of thousands of corals was made possible by the collaboration of the Florida Fish and Wildlife 

Conservation Commission, NOAA Fisheries, the Fish and Wildlife Foundation of Florida, and 

AZA accredited facilities across United States and in 2024, that effort will be 5 years old.  

 

mailto:bfirchau@aza.org
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Mobilizing facilities and coral care specialists to provide homes for thousands of corals 

removed from the reef as part of a planned relocation effort, was only the beginning. The initial 

effort is the foundation for what has become a game changer for coral reef restoration efforts in 

the United States and beyond. The national network of coral care facilities has prioritized 

advancing coral science with an eye on long term banking of coral populations, fortifying 

collaborative approaches to reef conservation, building capacity to meet current and future 

environmental disturbance response, and creating a production pipeline to send offspring of 

rescued corals back to the reef in planned restoration efforts.  

The Florida coral rescue effort is evolving to build the reefôs future. Much of the work 

being planned and executed requires the skills sets, resources and professional experience of AZA 

accredited facilities and animal care teams. Looking forward, collaboration will remain our 

foundation and significant stewardship impact our outcome. 

 

 

Disturbances on Floridaôs Coral Reef and Plans for Recovery 

Tanya N. Ramseyer1*; Stephanie A. Schopmeyer1; Rob Ruzicka1; Jennifer Stein1,  

Alicia Vollmer1; Beth Firchau2; Morgan Eason3; Jennifer Moore4; Lisa Gregg5; Keri OôNeil6; 

Maurizio Martinelli3 
1 Florida Fish and Wildlife Research Institute (FWRI/FWC), Tanya.Ramseyer@MyFWC.com, 

Stephanie.Schopmeyer@MyFWC.com, Richard.Ruzicka@MyFWC.com, 

Jennifer.Stein@MyFWC.com, Alicia.Vollmer@MyFWC.com 
2 Association of Zoos and Aquariums, bfirchau@AZA.org  

3 Florida Sea Grant, morgan.eason@ufl.edu, mmartinelli1@ufl.edu 
4 NOAA Fisheries Southeast Regional Office, jennifer.moore@noaa.gov  

5 Florida Fish and Wildlife Conservation Commission Division of Marine Fisheries 

Management, Lisa.Gregg@MyFWC.com  
6 Florida Aquarium Center for Conservation, koneil@flaquarium.org  

*Primary Author: Florida Fish and Wildlife Conservation Commission (FWC) South Florida 

Regional Lab 2796 Overseas Hwy Ste 119, Marathon, FL 33050  

 

Floridaôs Coral Reef (FCR) has been experiencing a lethal disease since 2014. Stony Coral 

Tissue Loss Disease (SCTLD) has resulted in the mortality of millions of corals from >20 species, 

including reef building and endangered species. The FCR experienced another catastrophic 

disturbance due to record setting elevated seawater temperatures starting in July 2023. The 

excessively hot temperatures caused rapid mortality directly by heat shock, and mass bleaching 

due to prolonged exposure to temperatures >30 C. The highest bleaching related mortalities were 

observed in Acroporids, which resulted in their disappearance from several iconic reefs. This 

presentation will include results from post-bleaching surveys, led by Florida Fish and Wildlife 

Conservation Commission (FWC), to assess the impacts of the 2023 bleaching event. 

 

FWC works closely with the Association of Zoos and Aquariums (AZA) on the Florida 

Reef Tract Rescue Project (FRTRP). Many facilities are focusing on induced spawning, sexual 

propagation, and rearing juvenile corals, to understand husbandry techniques to optimize the 

production of offspring for restoration. FWC received 464 sexually derived offspring from The 

Florida Aquarium, and outplanted them in 2022. The project tested if predator deterrents and 

acclimating corals to native conditions via in situ nurseries before outplanting them would reduce 

mailto:Tanya.Ramseyer@MyFWC.com
mailto:Stephanie.Schopmeyer@MyFWC.com
mailto:Richard.Ruzicka@MyFWC.com
mailto:Jennifer.Stein@MyFWC.com
mailto:Alicia.Vollmer@MyFWC.com
mailto:bfirchau@AZA.org
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mailto:mmartinelli1@ufl.edu
mailto:jennifer.moore@noaa.gov
mailto:Lisa.Gregg@MyFWC.com
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the amount of early fish predation. Acclimated corals that received predator exclusion devices did 

have the highest survival after two years. Many of these corals fared well during the 2023 

bleaching event. Results from studies like these will improve outplanting strategies and benefit the 

broader restoration of FCR. The SCTLD outbreak and 2023 bleaching event illustrate why the 

FRTRP is a necessary and critical strategy in the mitigation of coral population decline and the 

restoration of reef building coral species. 

 

 

Developing a Propagation Strategy for Restoring Florida's Coral Reef Using Rescued 

Corals from Stony Coral Tissue Loss Disease 

Morgan Eason1*, Tanya Ramseyer2; Stephanie A. Schopmeyer2; Rob Ruzicka2; Beth Firchau3; 

Alicia Vollmer2 Jennifer Moore5; Lisa Gregg6; Keri OôNeil7; Maurizio Martinelli1 
1 Florida Sea Grant, Morgan.Eason@ufl.edu, mmartinelli1@ufl.edu 

2 Florida Fish and Wildlife Research Institute (FWRI/FWC), Tanya.Ramseyer@MyFWC.com, 

Stephanie.Schopmeyer@MyFWC.com, 

Richard.Ruzicka@MyFWC.com,  Alicia.Vollmer@MyFWC.com 
3 Association of Zoos and Aquariums, bfirchau@AZA.org 

4 NOAA Fisheries Southeast Regional Office, jennifer.moore@noaa.gov 
5 Florida Fish and Wildlife Conservation Commission Division of Marine Fisheries 

Management, Lisa.Gregg@MyFWC.com 
6 Florida Aquarium Center for Conservation, koneil@flaquarium.org 

*Primary Author 

 

Floridaôs Coral Reef (FCR) is experiencing an unprecedented disease outbreak described 

as stony coral tissue loss disease (SCTLD). First reported near Miami in 2014, SCTLD has since 

spread throughout the entire reef tract including the Dry Tortugas resulting in the mortality of 

millions of colonies from >20 coral species, including primary reef builders and species listed 

under the Endangered Species Act. A multi-agency Coral Rescue Team (CRT) was developed to 

design and implement a coral collection plan for SCTLD-susceptible species, preserve genetic 

diversity of Rescue corals in land-based holding, ) scale-up propagation, and plan for the 

restoration and introduction of Rescue coral offspring  to the wild. Since 2018, the CRT has 

collected over 2500 corals across 20 different species which are being held at 24 long-term housing 

facilities, labs, and organizations across 13 US states including many Association of Zoos and 

Aquariums (AZA) accredited facilities for care. Propagation of these corals is now the main focus 

in these land-based facilities to create sexual offspring which will eventually be outplanted in 

hopes of restoring the coral populations of FCR. The ñPropagation Strategy '' was established to 

take the Rescue Project from holding broodstock through the steps of propagation in preparation 

for outplanting and restoration. The Propagation Strategy encompasses four primary components, 

the genetic management and breeding plan, in-water infrastructure plan, land-based infrastructure 

plan, and  transfer plan. Initial efforts are focused on land-based capacity building and scaled-up 

propagation. The development of the ñPropagation Strategy'' is essential for scaling up activities 

and maximizing current and potential resources necessary for restoring corals lost to SCTLD.  
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Corals Across Countries: Uniting Research for Reef Restoration 

Lisa Larkin 

llarkin@calacademy.org 415-379-5303 

Steinhart Aquarium, California Academy of Science,  

 

Within the California Academy of Sciences, you'll find both the Steinhart Aquarium and 

the Institute for Biodiversity Science and Sustainability, which serves as the Academy's research 

division. Since 2018, biologists and researchers from these two divisions have been collaborating 

to study ex situ coral sexual reproduction. This partnership, now known as the Coral Regeneration 

Lab (CoRL), has resulted in publications on the genetic variations of corals spawned in human 

care, as well as successful Acropora spawning over the past five years. 

 

Following the awarding of a Coral Research and Development Accelerator Platform 

(CORDAP) grant last year, this collaboration expanded to include the Roatan Marine Park (RMP). 

This non-profit organization, located on the island of Roatan, Honduras, is dedicated to conserving 

their marine and coastal ecosystems. Roatan, like many other areas of the Caribbean, has witnessed 

a decline in their reefs over the last several years due to issues like stony coral tissue loss disease 

and rising ocean temperatures.  

 

With the CORDAP grant funding, RMP and CoRL plan to establish Honduras' first coral-

rearing laboratory. Additionally, we will continue research in San Francisco, focusing on optimal 

coral larval rearing techniques. The goal being to equip the RMP with best practices for coral 

rearing, to support their efforts in restoring the Mesoamerican Barrier Reef. 

 

  

Safe Shark & Ray:  

Collaborative Work to Support Elasmobranch Research and Conservation 

Beth Firchau1, Kelli Cadenas2 
1 Conservation Coordination, LLC Conservationcoordination@outlook.com 

2 SEA LIFE Orlando, kelli.cadenas@merlinentertainments.biz 

 

SAFE Shark and Ray works with zoos, aquariums, and global conservation partners to 

support ex situ research and best practices, work collaboratively with in situ research to advance 

conservation, and to effectively inform and engage our audiences in actions and behavior change 

to save sharks and rays.  

 

The Best Practices in Handling and Welfare Project will share updates on progress 

towards a tool that will help align best practices approaches to elasmobranch handling in situ and 

ex situ. Listening sessions with international partners and subject matter experts held in 2023 were 

important to defining and refining the shape of project. The input from those sessions and their 

influence on the projectôs progress will be shared. 

 

The Elasmobranch Blood Project will be presented to invite husbandry teams to 

participate in this important project working to create blood reference intervals for elasmobranchs 

to better assess the health, welfare, and wellbeing of animals in our care. 
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Assessing the sustainability of the seafood products we procure for animal feed is a priority 

for SAFE Shark and Ray. We will share preliminary data from the Sustainable Feed Project and 

invite participation and introduce project tools to begin looking at their own purchases for 

sustainability.  

 

Lastly, we will share data and results from a formal evaluation on shark conservation 

messaging in zoos and aquariums to help all of us to speak effectively and consistently with ñone 

voiceò when sharing information about elasmobranchs with our audiences.  

  

 

Connecting Through the Chondrocensus 

Jennie D. Janssen1, Sandi Schaefer-Padgett2, and Rebecca Duchild3 
1 National Aquarium, jjanssen@aqua.org 

2 The Maritime Aquarium, sschaefer@maritimeaquarium.org 
3 SEA LIFE Minnesota Aquarium, rebecca.duchild@merlinentertainments.biz 

 

In an effort to facilitate collaboration between public aquaria that care for chondrichthyans 

and between these stakeholders and researchers, the ChondroCensus was born officially as the 

International Census of Chondrichthyans in Human Care under the umbrella of the AZA SAFE 

Shark and Ray program. As the 2nd generation iteration of what had been the International 

Elasmobranch Census under the purview of the American Elasmobranch Society (AES), the 

ChondroCensus has representatives that co-chair the AES Captive Elasmobranch Census 

Committee and provide a report at the annual business meeting. However, the ChondroCensus is 

much more than a collection of information for various parties to contribute to and access. Much 

like the upcoming AES Symposium ñContributions of Aquariums to Elasmobranch Researchò, the 

ChondroCensus also provides a platform of common interest, creating avenues for individual 

connection, and opportunities to increase collaboration within and between areas of expertise. As 

the ChondroCensus has expanded, so too has the leadership team. And there are added 

opportunities for individuals to assist in coordinating the flow of information, while building their 

personal networks and advancing the goals of the SAFE Shark and Ray program: to Save these 

Animals From Extinction by enabling evidence-based support for conservation action, supporting 

science-based shark conservation communication, and creating opportunities for partners to 

provide direct, impactful, and collaborative support for the conservation of these taxa. 

  

 

Restoration Aquaculture:  

A Vital Collaborative Tool for Pinto Abalone Recovery in the Salish Sea 

Jennifer Anstey1, Brianne Ankenman2, Bailey Johnson2, and Kate Stanley2 
1 Puget Sound Restoration Fund, jenn@restorationfund.org 

2 Seattle Aquarium, b.ankenman@seattleaquarium.org, b.johnson@seattleaquarium.org, 

k.stanley@seattleaquarium.org 

 

Building diverse partnerships is essential for successful species conservation and recovery 

efforts. Partners outside of the aquarium community, including resource management agencies, 

universities, tribes, and NGOs, provide important conduits into local communities, expertise on 

threatened in situ marine and aquatic populations, and broad perspectives on implementing 
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recovery programs. The aquarium industry is poised to assist with these recovery efforts because 

of their expertise in husbandry and life support systems, their respected role in education and 

outreach, as well as the unique skillsets they can provide, such as field diving. 

 

Pinto abalone, Haliotis kamtschatkana, are the only abalone species found in Washington 

waters and are important ecosystem engineers in kelp forests by grazing rocky reef substrate clean 

for the settlement of other invertebrates and algae. Having declined by 97% in state waters between 

1992 and 2017, pinto abalone are listed as endangered in Washington state. The Seattle Aquarium 

contributes to recovery efforts led by Puget Sound Restoration Fund and Washington Department 

of Fish & Wildlife through captive rearing, field surveys, and outplanting to augment this depleted 

population. 

  

 

Session 5: Research and Collaboration, Part 2 

 

Sponsor Presentation: 

McRoberts Sales 

 

Collaborative Aquarium Research: A Global Approach 

Sandy Trautwein, Ph.D. 

sandy.trautwein@species360.org 

Species360 

  

The role of aquariums in the 21st century is evolving. Ensuring their future will require a 

global collaborative research approach. This presentation proposes ways for aquariums to adapt to 

their changing role and suggests tools to help make the transition successful. It introduces ideas 

for creating sustainable collections and ways to help save species from extinction by aligning 

collection plans with species conservation needs. It will also explore how collaborative research 

can increase aquarium community impact and provide data to change public perception. The 

results show that a collaborative network is necessary for aquariums to adapt and thrive in the 

future. 

 

 

What Does Progress Look Like? Development of In Situ and Ex Situ Research Programs to 

Inform Husbandry Practices and Conservation Outcomes 

Gregory J. Barord, PhD 

Marine Biology Instructor, Central Campus 

Conservation Biologist, Save the Nautilus 

 

The question of whether the chicken or the egg came first (the egg did) is something that 

we grapple with in our personal lives, within our facilities, or out at sea conducting field work. 

The whole idea rests on the type of feedback system in place. Is fieldwork informing husbandry 

practices? Are husbandry practices informing field work? Is husbandry and/or fieldwork informing 

conservation initiatives? Regardless of the answers, perhaps the more pressing questions revolve 

around the type of evidence used and how the information is shared at each step. Here, I present a 

model framework for developing a feedback system that incorporates all stakeholders more 
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efficiently, drawing on previous examples of partnerships and collaborations as well as a literature 

review of the topic. 

 

 

Case Studies in Marine Animals Handling, 

With an Emphasis on Specimens Under Human Care 

Clem Kouijzer 

 clemaureen@gmail.com 

1-2-1 Animal Handling Products Ltd, United Kingdom 

 

Handling of animals under human care requires specialized equipment and a professional 

attitude. Some species living in zoological facilities around the world may pose life threatening 

abilities to their human care takers, and the methods use to handle them must take into 

consideration their life history, biology and behaviour, thus ensuring neither party - animal and/or 

human - are harmed in any way. Handling is a necessity, during veterinarian procedures, during 

collection from the wild, during moves between exhibits, or even during inter-institutional 

transports, such as breeding loans. 

 

I present to you a case study of large, marine animal handling, with an emphasis on 

reducing collection and movement induced stress with the use of industry led, practical equipment 

solutions that have animal welfare at their core and can supplement positive reinforcement 

behavioural training protocols. In addition, a brief introduction to concepts aimed at enhancing 

visitor-exhibit interaction with reference to recognised benefits. 

  

 

That Time I Made High Schoolers Pretend to Like Jellyfish for Two Years 

Rachel Thayer  

rst@tnaqua.org 

Tennessee Aquarium 

  

Using volunteer labor, outreach relationships, or community partnerships to achieve 

institutional goals is a common practice among aquariums and zoos, perhaps even more so for 

smaller institutions or staffs. Many of these programs focus on using volunteers for regular, routine 

tasks or planned volunteer workdays for large scale maintenance projects, but within these 

partnerships also exists the opportunity for research projects. The Tennessee Aquarium recently 

utilized an existing educational outreach partnership to meet the needs of a proposed research 

project for an aquarist. Working with a high school teacher and two of her students, the aquarist 

was able to plan, test, complete, and publish a study on the effect of ocean acidification on upside 

down jellyfish. The teacher helped to train the students in research methods and oversee part of 

the project, while the students served as lab assistants, gathering a majority of the data. The 

research team was also able to get assistance from a statistics professor at the local university and 

add them as an additional author on the paper, bringing in a second community partner to the 

project. The results of the study were accepted and published by a peer-reviewed journal, to the 

benefit of all participants of the project.  
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A Unique Partnership 

Rebecca Leitner 

Rleitner@moodygardens.org 

The Aquarium at Moody Gardens 

 

Meeting after meeting you discuss the ñproblemò, the best solution is ñcost-prohibitiveò, 

your operation remains unchanged, and you continue with the ñstatus quoò. This scenario plays 

out daily in facilities across the country, leaving staff with two choices. The first option is to fall 

into the complacency of routine and repeat this seemingly endless cycle. The second option is to 

forge a path towards the best solution through creative partnerships. 

 

Moody Gardens staff arrived at this same crossroads when addressing the challenges of 

weighing elasmobranchs without creating added stress. Factors such as facility design, space 

limitations, handler safety, animal safety, and physics demanded custom fabrication of a portable 

weigh station that could withstand a harsh salt environment, safely and gently lift and weigh 

animals, and be deployed and recovered by minimal staff. Rather than choosing option one and 

throwing in the towel, Moody Gardens turned to the community and partnered with the students 

on the entrepreneurial tract at Ball High School. 

 

The unique partnership that began with the welding students quickly grew to include 

students in the engineering tracts. In doing so, we were able to effectively and affordably address 

animal care issues, and students from Ball High were not only able to showcase their skills for the 

community, but it showed them that their skills were applicable in the zoological industry, both 

opening doors and expanding horizons for future generations of students to come.     

 

 

Session 6: Innovation, Part 1 

 

Sponsor Presentation: 

Asahi America 

 

Hyperbaric Therapy to Treat Presumed Gas Supersaturation 

 in a Zebra Shark (Stegostoma tigrinum) 

Kadie M. Anderson, DVM, DACZM, and Tai Belhumeur 

kadie.anderson@pdza.org, tai.belhumeur@pdza.org  

Point Defiance Zoo & Aquarium 

 

 In June of 2022, a 31.3 kg, 6-year-old female zebra shark (Stegostoma tigrinum) was 

diagnosed with probable gas supersaturation following the failure of a de-gassing tower at PDZAôs 

Aquatic Animal Care facility.  The zebra shark was exhibiting the following clinical signs ï 

increased opercular rate and effort with occasional opercular pauses.  Blotcheye soldierfish in the 

same system experienced mortality secondary to gas supersaturation while other species were 

unaffected.  

 

 Recompression therapy as a treatment modality was investigated given PDZAôs success 

treating gas supersaturation in rockfish and tropical teleost fish, however, the size of the shark 
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made utilization of the on-site recompression chamber not an option.  A local equine rehabilitation 

facility was contacted and collaborated on successful treatment of the shark.  

 

 While a definitive diagnosis was unable to be determined for this shark, the zebra shark 

and an epaulette shark from the same system successfully underwent hyperbaric treatment at the 

equine facility.  Factors to consider when performing similar treatments include transit time, 

temperature moderation, water quality, and animal welfare.  The use of hyperbaric therapy for 

aquatic animal care is continuing to evolve and has potential to improve outcomes for managing 

gas supersaturation in aquatic animals.  

  

Acknowledgements:  The authors would like to thank Melissa Ledford from the Pegasus Training 

& Rehabilitation in Redmond, WA for their collaboration and assistance with treating this animal.   

  

 

 Addressing Symptoms of Head and Lateral Line Erosion in Paracanthurus hepatus with 

Recurring Naltrexone Treatments 

Miranda Rinne1 and Amy Kizer DVM2 

mrinne@glaquarium.org (865)-803-9079,  
1 Great Lakes Aquarium, 2amy.kizer@lexingtonpetclinic.com 

 

Head and Lateral Line Erosion (HLLE) is a commonly occurring syndrome among fish in 

human care. While maintaining optimal environmental and nutritional conditions can minimize 

occurrences and severity of HLLE, some cases persist. Although prevention is always the goal, 

there are circumstances where HLLE occurs. In a study of six Palette Surgeonfish presenting with 

HLLE, monthly administration of topical 0.4% Naltrexone paste resulted in reduction of lesion 

coverage. 

 

The surgeonfish that participated in this study reside in a 3,100-gallon exhibit at Great 

Lakes Aquarium. Five of the palette surgeonfish have been in the exhibit for ten years, and the 

remaining individual has been in the exhibit for three years. The severity of HLLE seen in the 

original 5 surgeonfish at the onset of the study ranged from mild to moderate, with individuals 

experiencing between 2.6% and 17.5% depigmentation of the head. The individual that was added 

to the exhibit later presented with severe HLLE, with 54.1% depigmentation of the head.    

 

Four treatments of Naltrexone were administered over the course of four months, with 

photographs taken and analyzed each month.  All test subjects showed at least slight improvement, 

with four of the six showing significant reduction in depigmentation of the head. Naltrexone should 

be considered as a treatment option for HLLE when prevention is not possible. 
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Updates on Monogene Assessment and Treatment in Aquarium-housed Eagle Rays 

Charlene M. Burns1, Natalie Mylniczenko1, Gregory Scott 2, Alexa Delaune3, Teryl Hesse1  

and Elizabeth Nolan1 
1 Disneyôs Animals, Science & Environment, 

Charlene.M.Burns@Disney.com, Natalie.Mylniczenko@Disney.com,  

Elizabeth.C.Nolan@Disney.com, Teryl.N.Hesse@Disney.com 
2 Georgia Aquarium, gscott@georgiaaquarium.org 

3 Mississippi Aquarium, adelaune@msaquarium.org 

 

Morbidity and mortality of Aetobatus species due to the Decacotyle monogene have 

continued to be an issue in aquaria and often remain undiagnosed until postmortem evaluation. 

With few successes at eradication of the parasite, what steps can be followed to minimize negative 

impacts to life expectancy of the species? Early detection and treatment are fundamental to 

successful monogene mitigation of eagle rays under human care. Visualization of the monogenes 

on the gills via endoscopy, followed by quantification of the parasite after a bath treatment, such 

as praziquantel, are current methods for antemortem determination of the Decacotyle load. 

Praziquantel has been a mainstay for treatments but with heavy loads less responsive to treatments, 

an alternate was needed.  Levamisole was used and provided a promising adjunct to monogene 

management.   

  

   

Sodium Bicarbonate and its Effects on Chloroquine Phosphate Treatments in Aquaria 

Alyssa Daily 

OdySea Aquarium 

 

The compound chloroquine phosphate is regularly used as a treatment for Cryptocaryon, 

Uronema, and many other parasites that are persistent pests in public aquaria. At OdySea 

Aquarium this treatment was depended on regularly to eradicate disease from both wild caught 

and aquacultured animals, however we experienced erratic test results and unreliability with this 

treatment option. 

  

After analyzing our water quality throughout these treatments, one trend was seen 

correlating dosing buffer (sodium bicarbonate) and a significant decrease in our readable 

chloroquine in the system. An experiment was conducted with various concentrations of 

chloroquine and buffer to test if there was a reaction between the two compounds in a closed 

environment. The results of this experiment indicated that the sodium bicarbonate buffer did not 

directly affect the readable chloroquine levels, however additional hypotheses for indirect effects 

can be made using this data. 

 

The results of this experiment, while unexpected, are largely beneficial to both hobbyists 

and those in public aquaria. The knowledge that there is not a direct effect on chloroquine levels 

from buffers allows for clearer decision making for medical treatments and water quality 

management for animals in human care.  
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Manipulating Omnivory to Navigate Nutrition and Study Survivability in Bonnethead 

Sharks (Sphyrna tiburo) During Critical Rearing Stages 

Kayla K. Melton1, Brendan Gilloffo1, Dr. Matt OôConnor2, and Dr. Karisa Tang1 
1 John G. Shedd Aquarium, kmelton@sheddaquarium.org 312-692-3198, 

bgilloffo@sheddaquarium.org, ktang@sheddaquarium.org 
2Georgia Aquarium moconnor@georgiaaquarium.org 

 

 Bonnethead Sharks (Sphyrna tiburo) are a commonly housed elasmobranch species in 

aquariums, however despite their popularity, best practices for care and rearing remain ambiguous 

at best.  After recent publications exploring the diet and nutritional absorption of seagrass for in-

situ bonnetheads (Leigh et al, 2018 & 2021), we explored the incorporation of vegetative matter 

in bonnethead sharks under ex-situ care during the first 288 days of their lives.  Beginning in 

February 2020 and again in September of 2022, a total of 15 bonnetheads were born at Shedd 

Aquarium spanning 2 litters of same sire and different dams.  The 2020 litter, with a 100% survival 

rate to 1 year old or more, was fed a diet containing alfalfa hay pellets to replicate observed 

omnivory and handled every two weeks for morphometrics and blood analysis.  The 2022 littler 

was handled similarly but split into two groups, with one group not receiving the alfalfa pellets to 

explore the effects of dietary vegetative matter on survivability, growth, and blood parameters.  All 

feeds were recorded and of the 9 bonnethead sharks born in 2022, 6 survived the whole study 

period.  A larger sample size and further study on husbandry, genetics, nutrient absorption, and 

litter sizes is needed to form more reliable conclusions. Based on our data, animals given an 

omnivorous diet had steeper growth curves but similar blood parameters to those receiving only 

seafood, but additional variables such as litter and parentage also affected these results.  
 

 

 

Session 7: Innovation, Part 2 

 

Sponsor Presentation: 

Cairns Marine 

 

Evaluating Black Soldier Fly Larva Meal  

as a Sustainable Alternative to Fish Meal in Aquarium Diets 

Scott M. Williams, MS1, Ashley Fowler, PhD2, Laura M. Cersosimo, PhD2, Todd Harmon, MS1, 

Kathleen E. Sullivan, MS, PhD1, Shannon Livingston, MSc1,  

and Eduardo V. Valdes, MSc, PhD1,2 
1Disneyôs Animals, Science and Environment, 1180 N. Savannah Circle, Bay Lake, FL 32830 
2 Department of Animal Sciences, PO Box 110910, University of Florida, Gainesville, FL 32611 

 

 Black soldier fly larva (BSFL) meal is a sustainable, high protein alterative feed ingredient 

that may lessen our reliance on fish meal for zoo and aquarium diets.  To evaluate the efficacy of 

BSFL meal as a fish meal alternative, we conducted a trio of crossover experiments to test 

palatability, growth, and overall health of tropical teleost species fed commercially produced 

(Mazuri, EnviroFlight) complete gel diets containing BSFL meal compared to a control.  Body 

weight and fork length were collected as markers of growth performance. 
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 Study 1 - 40 sailfin snappers (Symphorichthys spilurus) were fed a control or experimental 

diet containing 50% replacement of fish meal with BSFL meal over two 8-week periods.  Fish 

were fed a diet of 33% gel and 67% mixed frozen seafood. 

 

 Study 2 ï BSFL meal replaced 100% of fish meal.  Test diet was fed to 400 smallmouth 

grunts (Haemulon chrysargyreum) over two 8-week trial periods.  Diets included 50% gel and 50% 

mixed frozen seafood.   

 

 Study 3 ï BSFL meal in carnivorous complete gel diet, 100% replacement of fish 

meal.  Fed 120 smallmouth grunts (Haemulon chrysargyreum) over two 12-week trial 

periods.  Diets included 50% gel and 50% mixed seafood.   

 

 Across all experiments, fish showed no significant difference in growth performance 

between treatments and experimental diets were well consumed. With this success incorporation 

of BSFL meal as an alternative to fish meal, insect protein can potentially decrease our use of fish 

meal to feed aquarium fishes.   

 

 

Implementing a Multi-Faceted Behavioral Approach to Mitigate Undesirable Behavior  

in a Cowtail Stingray (Pastinachus sephen) 

Amanda Vaughan 

Amanda.M.Vaughan@Disney.com 

The Seas with Nemo and FriendsÈ, Epcot, Walt Disney World ResortÈ 

 

 After introducing a cowtail ray (Pastinachus sephen) into the 5.7-million-gallon Main 

Environment at Disneyôs The Seas, aquarists discovered that the social, behavioral, and husbandry 

requirements of this ray exceeded those of other species. Shortly after release, the adult ray, Larry, 

began exhibiting heightened, aggressive interactions of chasing and biting towards contra-

specifics. These interactions escalated with time and were creating disruption to feeding 

opportunities to the entirety of the elasmobranch collection, disturbing daily husbandry routines, 

causing animal injuries that required medical intervention, and contributing to increased aquarist 

frustration.  

 

 To address Larryôs undesirable behavior, the husbandry team created a multi-fold plan that 

tackled the issue from a short-term behavioral, long-term behavioral, and physiological 

perspective. Through strategic implementation of this combination strategy, aquarists were 

committed to producing a holistic animal management plan that encouraged not only a sustainable 

change in Larryôs chronic chasing and biting behavior, but also a welfare plan that he and his 

contra-specifics benefitted from for the long haul. 

 

 By creating a data tracking tool to measure the frequency and intensity of Larryôs 

interactions, the team used evidence-based research to see how his aggression was trending over 

time and assessed the success of the behavioral modification techniques being utilized. Through 

consistent implementation of the multi-faceted strategy, regular data interpretation, and 

collaborative work amongst partnering teams, not only did Larryôs interactions substantially 
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decline, but numerous unexpected animal welfare wins were achieved within the Main 

Environment that continue to positively influence the way its inhabitants are cared for today.  

 

 

Behavioral Husbandry through Operant Conditioning of Teleost Species to Reduce Stress 

and Increase Welfare 

Megan Hertel and Shirley Bloodworth 

MHertel@wacotx.gov, ShirleyB@wacotx.gov 

Cameron Park Zoo 

 

 In 2023, the Aquatics Department at Cameron Park Zoo improved the welfare and safety 

of two species of teleost to facilitate husbandry. First, aquarists reduced the stress related to 

capturing and containing Red Lionfish (Pterois volitans) to allow a diver to enter their exhibit. 

Historically, lionfish were caught in a net and placed in a plastic bin to reduce the risk of diver 

envenomation. This led to stress responses from the fish and required at least thirty minutes of 

staff time to catch the animals. When Cameron Park Zoo acquired 0.0.3 Red Lionfish in 2023, 

staff trained them to voluntarily enter a howdy, which reduced stress responses from the lionfish 

and decreased the amount of staff time needed prior to dive maintenance.  

 

 Next, aquarists wanted to increase successful food acquisition of 0.0.1 Snowflake eel 

(Echidna nebulosa) in a mixed species habitat. The eel was previously trained to eat from a feeding 

stick, but triggerfish in the habitat often stole most of the diet before the eel could eat. The 

snowflake eel has a history of jumping out of the tank during feeding, which had the potential to 

injure the animal. Through operant conditioning, the eel was trained to swim into a mesh tube at 

the waterôs surface, where tankmates could not reach its diet. The top of the tube is covered in 

mesh, preventing the eel from jumping out of the water during feeding. This training has made 

feeding less stressful and safer for both the eel and the trainers.  

 

 

The Successful Birth of Smalltooth Sawfish in a Closed Aquarium System 

Becki Orze 

Becki.Orze@seaworld.com 

 SeaWorld Orlando  

 

 Sawfish are a charismatic genus that are a crowd favorite among aquarium guests. 

However, reproductive events in this critically endangered genus in human care are very rare. In 

July of 2023, SeaWorld Orlando became the second aquarium in the world to have a successful 

birthing event for any sawfish species. To the best of our knowledge, it was the first time a sawfish 

pregnancy has been documented in an indoor closed system. 

 

 Over the last 8 years several improvements have been made to the Shark Encounter habitat 

that houses SeaWorld Orlandoôs 1.1 smalltooth sawfish. This included updates to the LSS and 

lighting. There were also changes in the husbandry program such as an increase in temperature 

and a reduction in light pollution during dark hours in the building. The improvements of the 

habitat combined with some changes in the husbandry program likely contributed to this 

exceptional pregnancy. 
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 The involvement of an experienced veterinarian was critical in detecting the pregnancy and 

executing a plan for a safe and successful birth. The pregnancy was initially detected, and then 

further monitored, by ultrasound. The pregnant female sawfish was safely relocated to a holding 

area behind the scenes prior to the birth with the help of IV anesthesia. The isolated female gave 

birth to 3 live pups in the early morning hours of July 11, 2023. At the time of this submission, all 

3 pups are growing well and thriving.  

 

 

Reproductive Husbandry of Mobula hypostoma 

Lisa Parsons 

lparsons@georgiaaquarium.org 404-606-1452 

Georgia Aquarium 

 

 The Georgia Aquarium has exhibited Mobula hypostoma for 14 years. The institutions 

lengthy history with this species has allowed a better understanding of their care and reproduction. 

Through the 19 individuals that have been in the collection over the years, their growth rates were 

monitored, which helped to develop a fundamental diet and feeding system that allows the 

population to thrive. In 2017 behavioral trends were noticed in 8 individuals that affected their 

feeding behaviors as the population began to mature.  In addition to this, the first of seven mobulid 

courtship and mating behaviors were observed. During this time, data was collected on the 

initiation, endurance, evasion, and pre-copulatory positioning behaviors. Observations were 

unsuccessful for the copulation stages of mating however, data collection was successful on 

pregnancy, and birthing events. There are still questions to be answered about Mobula hypostoma 

reproduction including how long the gestation period is, do they need more space for birthing 

process, and will the males continue to fight for dominance without females being present.  

 

   
 

Wednesday, May 8th  

Session 8: Invertebrates, Part 1 

  

Sponsor Presentation: 

Gulf Specimens Marine Laboratory 

 

Coral Restoration in the Florida Keys: 

Lessons Learned from the 2023 ñHeat Eventò 

C. Ben Daughtry1, Frank K A Young2, Ken Nedimyer 3 
1Florida Keys Aquarium Encounters, Ben@aquariumencounters.net 

2 Dynasty Marine Associates, Inc, Frank@dynastymarine.net 
3 Reef Renewal USA 3, reefrenewal@gmail.com 

  

 The Florida Keys experienced an unprecedented heatwave in the summer of 2023 with 

seawater temperatures reaching some of the highest on record. This prolonged hot water event had 

a significant impact on the remaining live naturally occurring corals throughout the Keys, as well 

as the tens of thousands of corals that had been out planted onto reefs throughout the Florida 
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Keys. In-situ coral nurseries throughout the Florida Keys were also heavily impacted by the 

unprecedented heat, causing nursery practitioners to scramble to find ways to save the corals in 

their care.   

  

 Reef Renewal USA reacted to this emergency with a swift, novel, multiprong approach that 

saved thousands of corals from near certain death. Corals from offshore nurseries in the middle 

and lower keys were brought to shore and stored in a repurposed, temperature-controlled tanks 

owned and managed by Dynasty Marine, and a subset of corals at the upper Keys nursery were 

moved to deep water nursery where cooler water and lower light levels protected them from the 

extreme heat.  Most corals at the upper Keys nursery were left in place to challenge them with 

conditions expected in the decades to come.    

  

 Lessons learned from all three treatments will be discussed, along with Reef Renewal 

USAôs plan for addressing future extreme weather events.  

 

 

This Coral Parasite May Be Eating Your Corals and You Would Never Ever Know It 

Joe Yaiullo 

Joecorals@gmail.com 

Long Island Aquarium  

 

 The never-ending saga of diseases and parasites has presented itself in a unique way here 

at the Long Island Aquarium. A small white amphipod was discovered after the hard reboot of the 

20,000-gallon reef habitat here. The damage done by this amphipod presents itself as STN, RTN, 

a bacterial sloughing of tissue or just one of those ñyeah, thatôs just what corals do sometimesò 

episodes. 

 

 Identifying and securing this amphipod is critical so proper diagnosis and treatment can be 

applied to effectively deal with this bug known as ñTHEMò 

 

 

Spawning and Rearing Diadema antillarum for Coral Restoration 

Alex Petrosino1, Joshua Patterson2, Maggie Dakin2, Jessica Smith2, Keri OôNeil1,  

Casey Hudspeth2, Aaron Pilnick2 
1 The Florida Aquarium Center for Conservation, 

apetrosino@flaquarium.org, Koneil@flaquarium.org 
2 Fisheries and Aquatic Sciences Program, University of Florida/IFAS,  

joshpatterson@ufl.edu, maggie.dakin@ufl.edu, jn.smith@ufl.edu, hudspeth.c@ufl.edu, 

 apilnick@ufl.edu 

 

 Floridaôs coral reefs have undergone a phase shift from hard coral cover to a macroalgae-

dominated state. Among the various reasons why is the disappearance of a keystone herbivore, 

Diadema antillarum. This urchin species experienced a Caribbean-wide die-off in 1983-4, after 

which natural populations have not fully recovered. Algal overgrowth currently threatens natural 

coral recruitment and survival. Therefore, restoration efforts would benefit from Diadema 

aquaculture to augment wild populations. A partnership between the Florida Aquarium and the 
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University of Florida that began in 2018 aimed to refine rearing techniques for this species. 

Combined husbandry and research expertise resulted in the development of novel culture methods 

and generation of thousands of captive-reared Diadema to support coral restoration. Temperature 

induced spawning provided a reliable and non-invasive way to obtain gametes. Rearing of larvae 

over 40-plus days in 40-L pseudo-kriesels connected to a 1,800-L recirculating system allowed for 

replicated experimentation at production-relevant scales. Multiple studies revealed improved 

growth and survival from diverse live microalgae diets containing Rhodomonas sp. and 

Chaetoceros muelleri and the presence of specific settlement cues. Together, this collaboration has 

resulted in the most successful Diadema culture efforts to date and enabled investigation of 

restocking aspects. This process has been hyper-focused on an extremely challenging species, but 

has proven to be successful with other urchin species such as Lytechinus variegatus, Tripnuestes 

ventricosus, and Eucidaris tribuloides. These methods are vital for restoring functional herbivory 

to Floridaôs coral reefs and could otherwise be pivotal in invertebrate larval culture.  

  

 

Too Much of a Good Thing Might Be Okay? 

J. Charles Delbeek, Lisa Larkin  

cdelbeek@calacademy.org 415-379-5303, llarkin@calacademy.org 
 Steinhart Aquarium, California Academy of Sciences  

 

 For many years live coral aquariums were operated under the assumption that low levels 

of nitrogen (N) and phosphorus (P) were necessary for success. Nevertheless, both public and 

private aquarists have long shown that levels of N and P, many orders of magnitude above NSW 

values, still produced thriving coral communities.  

 

 The Steinhart Aquarium has operated a 800 m3 (212,000 USG) live coral habitat for 16 

years and has experienced three periods of significant coral loss: March 2014, January 2020 and 

May/June 2023.  Using nitrate and phosphate values from 2013-2024, we found that N:P molar 

ratios exceeding 200 appeared to correlate with these episodes, while values below 200 correlated 

with recovery. 

 

 Our hypothesis is that when phosphorus levels become too low in the presence of high 

nitrogen values, some corals may become phosphorus limited resulting in fading color, reduced or 

lack of growth, tissue recession, and increased frequency of disease and ciliate infections. 

However, not all corals react negatively e.g. some Acropora sp. grow while others donôt.  While 

corals may appear healthy, the scientific literature has shown that high nutrient levels can result in 

lower skeletal densities as high nutrients promote rapid tissue growth requiring the skeleton to 

grow faster, creating a less dense skeleton. This has yet to be explored in our system. 

 

 While our understanding of the role of dissolved nutrients in coral health in aquaria is still 

limited, we feel the examination of N:P ratios may be useful when troubleshooting coral issues. 
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Exploring the Enigmatic: Redefining Mysteries in Aquarium Husbandry of the Salish Seaôs 

Intriguing Marine Invertebrates 

Mark Murray, Megan Rusin 

Mark.murray@pdza.org (661) 373-9337 

Point Defiance Zoo and Aquarium 

Companion Article in this Issue of Drum and Croaker! 

 

 The diversity of invertebrate marine life found in the Eastern Pacific is vast and 

breathtaking for any diver who has the opportunity to experience these waters.  A large portion of 

aquariums across North America barely tap into the complexity of life found in the Pacific 

Northwest.  Institutionally this gap in diversity can range from factors such as accessibility, spaces 

availability, cost of maintenance, and knowledge of care.  Four truly unique marine invertebrates 

found within Puget sound, whose care in captive aquaria has progressed in the last decade, consist 

of the Giant Sea Pen, Ptilosarcus gurneyi, Willemoeôs White Sea Pen, Balticina willemoesi, 

Feather Star, Florometra serratissima, and the Basket Star, Gorgonocephalus eucnemis.  These 

species are all found in individually distinct and diverse habitats, all of which are difficult or near 

impossible for the general public to view in person.  By streamlining collection techniques, 

necessary water quality parameters, dietary needs, flow preferences, and preventative 

maintenance, these extraordinary cold-water species could be more commonly displayed in 

aquaria, expanding animal care skills and management knowledge within the industry will help to 

enhance the overall welfare of these animal.  These species have been collected and cared for at 

the Point Defiance Zoo and Aquarium with varying levels of success over the years, and it is 

important to learn from both successes as well as failures.  This knowledge and experience will 

help to progress the care of these species, and expand the ability of other facilities to include some 

of these unique invertebrates in their collection. 

  

 

Culturing the Warty Sea Cucumber (Apostichopus parvimensis):  

Proof that even animals with ñwartsò can be cute 

Ellen Umeda 

Monterey Bay Aquarium 

  

 The Monterey Bay Aquarium displays warty sea cucumbers, Apostichopus parvimensis, as 

an accessory species in many exhibits highlighting the marine habitats of Monterey Bay. Although 

warty sea cucumbers can be collected locally via SCUBA diving, culturing reduces collection 

pressures on wild populations and provides an opportunity to study larval development. The 

Monterey Bay Aquarium spawned seven adult warty sea cucumbers on March 28, 2021, using heat 

shock. The warty sea cucumbers developed through several planktonic larval stages, which we 

documented through routine photos every few days. After 28 days post hatch, the larvae started to 

metamorphose and settle on the benthos. The settled warty sea cucumbers continued to grow and 

developed the coloration and features seen in adults. Currently, 15-20 warty sea cucumber 

juveniles remain, ranging from 2-8 cm in length. This was the Monterey Bay Aquariumôs first 

attempt at spawning warty sea cucumbers and future spawning attempts would aim to improve 

culture protocols and survivorship of larvae post settlement. 
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Tiny Giants: Raising Giant Pacific Octopus 

Ali Redman1, Marley Loomis2, and Emilee Carpenter3 
1 Port Townsend Marine Science Center, aredman@ptmsc.org 
2 Alaska Pacific University, mjloomis@alaskapacific.edu 

3Port Townsend Marine Science Center, ecarpenter@ptmsc.org 

  

 Despite their popularity in public aquariums, the early life history of giant Pacific octopus 

(Enteroctopus dofleini) is relatively unknown.  Only one record of captive breeding, by Snyder at 

the Seattle Aquarium, is widely available. Furthermore, neither the delicate planktonic paralarvae 

nor newly settled juveniles are easily observed in the wild.   

 

 Aquarium specimens are typically collected as juveniles weighing several pounds. The Port 

Townsend Marine Science Center (PTMSC) had the opportunity to collect and raise two well-

developed giant Pacific octopus paralarvae.  The first was collected in June 2020 and released in 

January 2023 after producing a spermatophore.  The second was collected in June 2022 and will 

be released upon maturation. 

 

 At the time of collection, both specimens had a mantle length of approximately one 

centimeter and clung to surfaces with occasional bouts of swimming freely, but were not yet fully 

settled. They were initially fed a combination of frozen krill pacifica and live plankton.  As they 

grew, a more varied diet was introduced, including shrimp, clams, scallops, crabs, and herring 

(frozen). Photographs, videos and weights document their growth and development, giving a 

glimpse at a rarely-observed phase of their lives. This experience can inform future attempts at 

rearing E. dofleini in captivity and further our understanding of this iconic animal.   

 

 

Session 9: Invertebrates, Part 2 

 

Sponsor Presentation: 

Abyzz 

 

Charismatic Mesofauna:  

Culturing and Exhibiting the Common Siphonophore Nanomia bijuga. 

MacKenzie M. Bubel and Tommy S. Knowles 

mbubel@mbayaq.org, tknowles@mbayaq.org 

Monterey Bay Aquarium 

 

Siphonophores, colonial hydrozoan jellies capable of free-swimming, have been relatively 

scarce in public aquarium displays due to their delicate nature and the challenges associated with 

obtaining wild specimens. Nanomia bijuga, a siphonophore in Monterey Bay that is prevalent at 

approximately 300 meters depth, engages in vertical migration to the surface during nighttime and 

is an important part of the mesopelagic ecosystem. Collection efforts of wild N. bijuga, involve 

the use of remotely operated vehicles during the day and dip-netting from the surface at night. To 

sustain a display of deep-sea siphonophores for the "Into the Deep/En lo Profundo" exhibition at 

the Monterey Bay Aquarium, adults were spawned using diffusion tubes, and larvae were reared 
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to adulthood. Husbandry requirements vary across life stages, so variables were isolated to 

determine optimal water parameters and diets for planulae, siphonulae and fully formed adults.  

 

 

Trials and Tribulations: Raising and Displaying Chrysaora plocamia 

Chelsea Bremer 

cebremer@wondersofwildlife.org (636) 328 - 1971 

Johnny Morrisô Wonders of Wildlife National Museum and Aquarium 

Companion Article in this Issue of Drum and Croaker! 

 

While opening a new 6,000 gallon stretch kreisel, we received 515 one to two inch cultured 

Chrysaora plocamia via donation and purchased another 200 cultured C. plocamia from a US 

supplier. Through several husbandry successes and current and past challenges, the Wonders of 

Wildlife jelly team learned a significant amount about raising this number of C. plocamia while 

dealing with constant setbacks in opening the new system. We successfully treated a decaying 

event that killed many jellies in a short time using 40 ppm oxytetracycline for three to five days, 

and we are continuing to investigate treatments and research why this species is prone to sudden 

and rapid decay.  

 

Our greatest success was being able to identify male and female jellies and successfully 

establish a culture so we have a consistent supply to stock our large exhibit. Interestingly, the male 

and female medusa that produced the polyps had different color variations with the females being 

more orange and the males being whiter. The young medusa produced from the polyps are showing 

a mix in their parentsô coloration. We learned an incredible amount about this species including 

their rapid growth rate, their sensitivity to being transported, and their preferred nutrition. In less 

than three months, they grow from an ephyra to a medusa four inches in diameter. Unlike most 

nettles, these do not eat moon jellies, so we successfully housed them together. We hope to 

encourage a larger discussion about jellyfish treatments, welfare, and solving the mysteries of 

Chrysaora plocamia.  

 

 

ñFOR SALE ï Mottled Christmas Paintingò 

A Successful Rearing of the Painted Anemone, Urticina crassicornis 

Eric Ng1 

e1ng@ucsd.edu 
1 Birch Aquarium at Scripps Institution of Oceanography ï UC San Diego 

 

 The successful rearing of the vibrantly striated painted anemone, Urticina crassicornis, 

demonstrates an efficient and sufficient method for the rearing of a temperate anemone species in 

public aquariums.  Gametes were collected during two spontaneous spawning events and after 

refining fertilization and husbandry methods utilizing minimal resources, the development of 

planula larvae, settlement, and growth significantly increased from 25 individuals to over 340.  The 

methods developed offer a cost-effective and sustainable means for aquariums and academic 

institutions to acquire and maintain specimens for display or study.  
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Culturing Pachycerianthus fimbriatus 

Christy Varga  

cvarga@mbayaq.org 
 Monterey Bay Aquarium 

 

There is not much in published literature about the reproduction of the cerianthid anemone, 

Pachycerianthus fimbriatus. The goal of this project was to document the spawning and settlement 

triggers for P. fimbriatus, thereby expanding the knowledge base of husbandry and reproduction 

of sessile invertebrates.  Larval planulae were collected opportunistically after a spawning event 

on exhibit. Post-fertilization developmental stages of the planulae were documented via 

stereomicroscopy. Nearing the time of larval settlement, various substrates were offered to identify 

preferences. A UV light with a yellow filter was used to see the fluorescence of newly settled 

larvae. There appears to be a preference of substrate over no substrate as well as a preference for 

medium sized sand grain. Maturation time to reach adult size or become sexually mature is still 

unknown and may be the bottleneck in culturing the species. The next trial seeks to determine what 

induces P. fimbriatus spawning. As in the initial trial, planula development stages are documented. 

Based on these initial results, P. fimbriatus, makes a great sustainable exhibit animal to represent 

Pacific sandy seafloor habitat.  

 

 

Intensive Aquaculture of Sepia bandensis 

Connor Gibbons and Thomas Mungioli 

cjg2191@columbia.edu, tjm2206@columbia.edu 

Axel Lab, Columbia University 

 

Cuttlefish have had successful multigenerational culture for decades in both public aquaria 

and research facilities. Although many species have been cultured successfully, rarely are they in 

large numbers or through established methods in a husbandry protocol. The Axel lab maintains a 

consistent population of ~250 Sepia bandensis at all times and at all life stages with a structured 

culturing and housing strategy that is also applicable to other cuttlefish and bobtail species with 

minor alterations. These methods have been used on other species such as Metasepia pfefferi, Sepia 

officinalis, and Sepioloidea lineolata in combination with S. bandensis to raise over 3,000+ 

individuals to sexual maturity. The purpose of this talk is to establish a baseline for culturing 

strategies of S. bandensis that other institutions can follow to ensure high fecundity in their cultures 

and keep them stable to prevent removing specimens from the wild or having gaps in public 

exhibition in aquaria.  

 

 

Stirring The Pot: A Novel Method for Rearing Marine Invertebrates 

Mariah (Riah) Evin 

mevin@calacademy.org 

Steinhart Aquarium, California Academy of Sciences  

 

Rearing invertebrate species in public aquaria offers a variety of benefits to captive and 

wild populations. It minimizes collection pressures on wild animals, offers incredible staff 
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development opportunities, and can unlock mysteries of a particular animalôs natural history to 

further our fundamental understanding of a speciesô biology.  

 

In 2022, Steinhart Aquarium at The California Academy of Sciences began to take a more 

active role in invertebrate rearing to take advantage of these opportunities. Several methods for 

rearing invertebrate larvae were investigated to combat the challenges of limited space and 

resources. After trialing previously described methods for invertebrate rearing, as well as multiple 

novel approaches, a method utilizing simple off-the-shelf items that require minimal spatial and 

financial needs was found to be most efficacious; an automatic pot-stirrer paired with simple glass 

jars and silicon spatulas.  

 

Various species of echinoderms, gastropods, and crustaceans have been reared using a 

simple, modular culture setup. Continuing studies of dietary needs and best spawning practices are 

ongoing. The results of this work have allowed Steinhart Aquarium to rear numerous invertebrates 

for exhibit and co-culture clean-up crews critical to advancing the rearing of corals from in-house 

spawning events and conservation initiatives. 

 

 

Healing Sea Star Illness and Injury  

Through Environmental Management and Immune Support 

Tiffany Rudek and Evonne Mochon-Collura 

Tiffany.rudek@aquarium.org (541)-867-3474 

Oregon Coast Aquarium 

 

Managing sea star illness and injury in any setting has always been a challenge, since the 

causative factors are not always able to be determined. At the Oregon Coast Aquarium, the focus 

shifted from triage response for specific symptoms to the control of an overall environmental 

perspective within the animal and surrounding the animal. The treatment utilizes temperature 

control, invertebrate probiotics, sea water buffers and nutrient additives, hormone cue control, 

enhanced water flow, and an iodine-based solution. With this, the exact causative agent of the 

animalsô decline whether it be viral, bacterial, parasitic, fungal, injuries, or general stressors such 

as pH or temperature does not matter because all possible issues are addressed and corrected within 

the same protocol. This combination of factors allows the sea star to properly utilize its own 

immune system to focus on healing instead of expending excessive energy combatting other 

possible stressors. The stars are carefully monitored for behavioral signs that indicate healing 

status, and the treatment elements are adjusted according to the identified positive or negative 

behaviors. Since there is no use of any antibiotics or medications, this method allows treated 

individuals to remain candidates for wild release after recovery. This research has led to a dramatic 

increase in recovery rates of treated sea stars across 8 cold water species (including sunflower sea 

stars) for all causative factors.  

 

 

 

 

  

 

mailto:Tiffany.rudek@aquarium.org


Drum and Croaker 56 (2025)    66 

  

RAW Business Meeting 

  

Sponsor Presentation: 

Dynasty Marine Associates 

 

RAW Organizational Update 

Choosing the Venue for 2026 

Remembrance of Colleagues 

 
   

Thursday, May 9th  

Session 10: The Art of Display 

 

Sponsor Presentation: 

Aquatic Equipment & Design 
  

Creating an Inspiring Displays Toolkit  

Marie Collins 

marie.collins@sealifeus.com 

SEA LIFE North America 

 

With more than 55 aquariums globally, the SEA LIFE Aquarium Group (owned by Merlin 

Entertainments LLC) has created an Inspiring Displays Toolkit to provide our displays teams with 

practical examples of how to get the best out of our exhibits.  SEA LIFE is known for immersive 

theming designs, with the creative teams for our new aquariums often thinking out of the box, with 

LEGO elements or local connections such as our newest City under the Sea theme in New 

Jersey.  Unfortunately, not all of our exhibits are able to have a facelift on a regular basis.  Our 

toolkit starts with the basics and highlights key principles of exhibit design around lighting, 

theming, water movement, collection planning, interpretation and storytelling to create amazing 

discoveries to inspire our guests. Understanding that budget, time and resource are often limited 

and can result in displays becoming tired over time, this Inspiring Displays Toolkit is designed to 

arm you with new ideas, providing a live and interactive platform for sharing 

information, innovative ideas, best practice examples, masterclasses and photo galleries from 

around the world.  We would like to share what weôve created with the aquarium community and 

discuss how we can collaborate moving forward to share óThe Art of Displays.ô 

  

 

Exhibits Design and Fabrication 

Richard Prince 

raprince@wondersofwildlife.org 

Wonders of Wildlife 

 

This presentation explores cutting-edge strategies in exhibits design and fabrication 

tailored specifically for professional aquariums. We delve into advanced technologies, sustainable 

materials, and immersive storytelling techniques that enhance visitor engagement while 

prioritizing the well-being of aquatic inhabitants. Join us to discover how these innovations 
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redefine the aquarium experience, balancing education, conservation, and entertainment in a 

harmonious aquatic showcase. 

 

 

From The Banks of The Licking River, To the Deep-Sea Trenches of Japan:  

Exhibit Design & Remodeling 

Rob Wilson 

rwilson@newportaquarium.com 

Newport Aquarium 

 

Redesigning and remodeling exhibits are an inevitable factor in the aquarium and zoo 

industry. Renovations are multifaceted and provide an opportunity to improve not only aesthetics, 

but also the life support and animal welfare which are vitally important for long-term success. 

These can benefit the guest experience, provide staff development and utilize limited space, time 

and available funds. In 2019, Newport Aquarium remodeled a system to house local fishes & 

Eastern hellbenders to highlight the importance of local conservation. Local exhibits provide the 

opportunity for low-cost animal acquisitions through sustainable collection while also providing 

team-building and improving staff morale. Newport Aquarium has also recently renovated a large 

cylindrical tank into an exhibit housing various deep-sea species found within the óring of fireô 

region across the Pacific. By using creative exhibit design elements, we were able to tie the 

galleryôs geographical theming together and showcase more obscure species & habitats that guests 

would otherwise never witness. Without having a large production team, both of these remodels 

were largely conceptualized and competed in house. This demonstrates the immense value of 

utilizing ideas and skill sets from staff at all levels. 

  

 

Donôt Drain the Pool! 

Wojcik, Christopher1, Chapman, Scott2  
1Animal Exhibits and Design, cw@animal-exhibits.com 

2Monterey Bay Aquarium, schapman@mbayaq.org 

 

This presentation will explore how the Monterey Bay Aquarium and Animal Exhibits and 

Design recently collaborated to safely remove and replace roughly one-third (2200 ft2) of the 

artificial rockwork from within their 350,000-gallon Kelp Forest.  The exhibit remained open to 

the public throughout the entire process. 

 

A few decades ago, there were some technological advances that allowed single exhibits 

at public aquariums to become much larger in size. Many of these ñFlagshipò exhibits are now 

turning twenty-five or thirty years old which is also the generally expected lifespan of decorative 

concrete in seawater. Delamination, cracking, and spalling of concrete theming leads to exposed 

structural components in the exhibit and is common in these larger tanks. Many facilities find 

themselves in the dilemma of how to rehabilitate larger aquariums. The practicality of catching 

and housing the fish, the consequences of removing the weight of millions of gallons water from 

within the walls and from behind the windows, life support, or that exhibit is an integral part of 

the life support for the entire facility all make emptying the exhibit impossible. Aquariums are 
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then stuck with an unsightly, and more importantly, unsafe exhibit for animals and for animal care 

staff to maintain. 

  

Animal Exhibits and Design is a zoo and aquarium exhibit design and fabrication company 

has developed a series of innovative water/ animal-safe techniques that allow them to remove and 

replace, or just resurface, rockwork theming underwater. With specialized tools, augmented 

filtration, water quality monitoring and proprietary materials and methods, AED has successfully 

completed large-scale projects.  

 

  

Acrylic Products, Usage & Maintenance:  

Keeping your Acrylic Healthy  

Paul O. Gardner 
 Pgardner@Reynoldspolymer.com 970-433-2773 

Reynolds Polymer Technology, Inc. 

  

The recent events surrounding the AquaDom in Berlin has the attention of many ï ranging 

from acrylic industry manufacturers to those who regularly work with acrylic in aquariums, zoos 

and for exhibit purposes. The demand for increasingly grand and immersive underwater and 

habitat-oriented experiences has brought acrylic into a much larger spotlight. With tremendous 

advances in the field of acrylic manufacturing, the opportunity is prime to make efforts in 

educating the industry.  

 

These expectations create the need for high quality throughout the life cycle of acrylic 

products. The industry needs product that is going to perform LONG-TERM ï to accomplish that 

it is critical to focus on the following areas: up-front design/engineering, manufacturing and 

installation processes, review and training on proper acrylic maintenance, repair and care, 

frequency of inspections, what in-house repairs can be made versus those requiring outsourcing 

and focusing on long-term performance of acrylic installations. Additionally, refurbishment of 

existing acrylic and some unique uses of acrylic for exhibit purposes will be discussed. 

 

Increased knowledge and understanding of what to look for in all aspects of acrylic and its 

life cycle will help increase the value and performance of your acrylic panels.  

  

 

 

Session 11: Husbandry of Aquatic Plants 

 

Sponsor Presentation: 

Species 360 
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MBAôs Kelp Forest Exhibit ï From Holey to Holdfasts 

Kelsey Barker 

kbarker@mbayaq.org 

Monterey Bay Aquarium 

 

In 2020, an 800-pound piece of Monterey Bay Aquariumôs iconic Kelp Forest Exhibit 

rockwork fell to the bottom of the 28-foot-deep exhibit. The 39-year-old exhibitôs decorative 

rockwork wall required extensive repairs that resulted in a third of the wall being replaced over 

three years by a contracted commercial diving company. Upon completion, aquarists were tasked 

with re-establishing the diverse algae species the exhibit is known for across the new wall. 

Although algae would naturally recruit, to achieve optimum results, multiple techniques were 

used.  We transplanted Macrocystis pyrifera holdfasts, collected and seeded cystocarpic red algae 

from tidepooling, and planted Phyllospadix in newly created planter boxes.  Additional Abyzz 

pumps were also installed at key points in the exhibit, to further improve water motion and assist 

with algal growth.  A combination of new and old techniques, and cultivating particular species in 

specific areas, resulted in the new wall blending into the exhibit within three months. The brown 

algae is thick, the red algae is diverse, and the flowering underwater plants are thriving one year 

later, with reproductive seeds being observed in the fall months. 

  

 

How To Grow a Forest in a Fishbowl: Culturing Bull Kelp for Display 

Jessica J. Soski 

jsoski@lbaop.org 

Aquarium of the Pacific,  

 

In 2022 Aquarium of the Pacific was invited to participate in an exciting research 

collaboration with the University of Wisconsin-Milwaukee focused on preserving genetic diversity 

of kelp to help facilitate future restoration projects. In recent years, kelp have been under pressure 

from many stressors including climate change, pollution, sedimentation, and direct damage from 

vessels and construction. Kelp populations recede and recover in a cyclical fashion based on 

weather patterns, but pressures from extreme warm weather events and over-predation have had 

an accumulative effect, preventing kelp forests from recovering since 2014. Researchers have 

taken advantage of kelpôs unique bi-phase life cycle to create a ñseed bankò to preserve genetic 

material from Macrocystis pyrifera (Giant Kelp) and Nereocystis luetkeana (Bull Kelp) in the form 

of gametophytes. These gametophytes can be kept in stasis for years by regulating temperature 

and light conditions.  In the event that wild kelp populations suffer catastrophic loss of genetic 

diversity, these gametophytes could be used to produce new kelp for restoration efforts. 

Maintaining a copy of the gametophyte bank has allowed Aquarium of the Pacific the unique 

opportunity to cultivate lab grown kelp.  Cultivating kelp allows AOP to display bull kelp, which 

we are not permitted to collect, to help drive conservation messaging about bull kelp as well as the 

intersection of other cold water conservation initiatives in which AOP participates. 
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Developing Methods for Growing Bull Kelp (Nereocycstis luetkeana)  

at the Point Defiance Zoo and Aquarium 

Wesley Hull1, Chad Widmer2, and Joshua Fishbein1 
1 Washington Department of Natural Resources 

2 Point Defiance Zoo, and Aquarium 

 

Bull kelp (Nereocycsits Luetkeana), a species of floating kelp in Washington State, 

provides essential ecosystem services to nearshore coastal marine systems. Unfortunately, the 

distribution and extent of bull kelp within sub-basins of the Salish Sea have declined, with 

decreases in abundance persisting over decades. Natural stressors such as temperature, 

eutrophication, and sedimentation have contributed to their decline, but their effects have been 

exacerbated through human activities. Further, continued declines are expected due to the 

emerging and continued effects of climate change. To ensure that bull kelp is not lost from our 

nearshore environments we need effective ways of acquiring and growing sporophytes that can be 

used to restore natural populations, understand population level responses to specific stressors, and 

showcase and interpret the importance of bull kelp to the public. Together, the Washington 

Department of Natural Resourceôs Aquatic Assessment and Monitoring Team (AAMT) and the 

Pacific Seas Aquarium staff began building and testing methods for cultivating bull kelp at the 

Point defiance Zoo and Aquarium. Through the creation of a semi-closed system mimicking 

natural conditions, the use of tumble aquaculture, and sporulation techniques the AAMT and 

aquarium staff successfully grew roughly 60 sporophytes from spores to an average total length of 

1.4 meters and produced sori that were used to cultivate the next generation of sporophytes. The 

results of this project provide a methodological foundation for how aquariums may contribute to 

knowledge and efforts to restore bull kelp and for showcasing live individuals that can be 

interpreted to the public.  

 

 

How Seagrass Can Save The World,  

A Blueprint in Setting Up a Successful Conservation Project 

John T. Than 

John@seaandshoreline.com 813-917-4001 

Sea and Shoreline, LLC 

 

With 100-million-dollar NOAA resiliency grants floating around and other government 

funding available to address sea level rise, ocean acidification, temperature rise, serve weather 

patterns. How does one go about setting up a conservation program to solve these issues. Could 

the answer be as simple as a plant? It eats nutrients, protects shore from erosion, sequester carbon 

among other things. Sea grass might just be the answer.  

 

These are the steps into making this a successful conservation project. From planning, to 

stakeholders, government support, legislative support, permitting, to actual set up, monitoring and 

follow up. This is a quick outline for future planners and program directors to follow when setting 

up a conservation or restoration project for your zoo or aquarium. And yes, seagrass will save the 

world. 
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 Sponsor Presentation: 

The Aquarium Vet 

 

Session 12: RAW Variety Pack, Part 1 

 

Sponsor Presentation: 

Hayward Flow Control 

 

First Day of School: 

A Systematic Approach to Introducing Aquaculture Fish into a Multispecies Exhibit 

Amy Jo Li 

amy.j.esser@disney.com 

 

Aquacultured fish are typically reared in sterile, single species tanks. As the industry moves 

to more aquacultured species, the naivety of these individuals can present unique challenges when 

introducing them into large multi-species exhibits, such as the Sea's 5.7-million-gallon main 

environment. Through collaborative efforts with the quarantine aquarists, as well as implementing 

a multi-stage release program, the Sea's team has achieved success in integrating numerous 

aquacultured species on display. These species continue to thrive in their environment and these 

techniques have helped improve the welfare of both aquaculture and wild-caught species released 

into this exhibit.   

 

 

Jellies on Ice! or 

How to Keep Your Animals from Overheating in the Ice Apocalypse 

Sage Zurita1, Brooke Zurita2, 
1 egasz@live.com, 2 BCarlson@moodygardens.org , 

Moody Gardens 

 

This presentation will discuss the unique husbandry practices that we employed during 

2021ôs Winter Storm Uri which left us without running water and electricity for about 5 days. 

 

This presentation will cover the topics of Aquarium Innovation and Invertebrate Husbandry 

by focusing primarily on our response to the needs of our Pacific Sea Nettles (Chrysaora 

fuscescens), a cold-water jellyfish species that needs an average exhibit temperature of 55oF/13oC 

as well as constant water flow. 

 

During Winter Storm Uri, Galveston Island experienced rolling blackouts and an eventual 

water shut off due to the freezing temperatures. While Moody Gardens is familiar with having to 

work through power outages due to tropical storms, being without running water was a new 

challenge for the majority of the staff. The ñCold Water Loopò is what keeps our cold water 

exhibits cool and relies on the cityôs fresh water supply. Since we had power for the majority of 

the storm our systems were functionally fine, but were too warm for the animals. This led us to 

moving our Nettles out of their exhibit into several 5-gallon buckets in a not-so-well insulated 

hallway that had an ambient temperature that matched their natural environment. 
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Overall, this experience gave our staff a crash course in being quick on our feet in response 

to (un)natural disasters, how to think outside of the box to meet our animalsô husbandry needs, and 

how to be resourceful in a situation where even the most basic resources are scarce. 

 

 

Flip and Roll; Bonnets on the Move 

Brendan Gilloffo and Kayla Melton 

kmelton@sheddaquarium.org, bgilloffo@sheddaquarium.org, 312-692-2770 

John G. Shedd Aquarium 

 

Transporting sharks within aquariums can be a challenge, especially when dealing with 

ram ventilators, a sensitive aquarium species like the Bonnethead shark (Sphyrna tiburo), and 

longer distances. Historically at Shedd, when bonnetheads needed to move it has been a process 

of anesthetizing, pushing them to a transport while ventilating, if at all, and hoping for a quick 

recovery. Results of this method would involve higher lactate levels associated with stress, 

multiple injuries, long recovery time requiring aquarist exertion while waking the animal up, and 

a non-zero mortality rate. 

 

At one point, Shedd had 11 bonnetheads across 3 systems with a large remodel on the 

horizon requiring a lot of impending moves. We decided to simplify and streamline a way to move 

all these sharks around safely and easily. Most of the bonnetheads we have worked with since birth 

using tonic immobility (TI) regularly and discovered just how well they can handle it, so we 

decided to find a way to use TI while moving them longer distances. We found that having an 

aquarist sit in a transport, holding the shark in TI, while a flow bar attached to the front of the 

transport, connected to a battery powered pump, worked as a hands-free ventilator decreasing 

stress, mortality, and eliminating recovery time. With this method of a portable ventilation system, 

we were able to quickly move all 11 sharks to another system or a truck for further transportation 

without the associated issues with other modes of transport mentioned above. 

 

 

Nutritional Considerations for Support Feeding of Elasmobranchs 

Scott M. Williams, MS, Natalie D. Mylniczenko, MS, DVM, DACZM, Kathleen E. Sullivan, 

PhD, and Heidi Bissell, PhD  

Scott.Williams@disney.com   

 Disneyôs Animals, Science and Environment 

 

Elasmobranchs can become inappetent stemming from a variety of health and 

environmental factors.  Under human care, supplemental nutrition is often provided to support the 

animalsô nutritional health, typically through gavage feeding of a gruel diet. 

 

Caloric requirements of sharks and rays depend on variety of factors including species, life 

stage, and activity level.  Daily caloric targets should be based on an individualôs typical energy 

consumption levels. In cases of high caloric demand, multiple daily feedings may be essential to 

meet intake targets without exceeding stomach capacity or passage rate.  Two percent of body 

weight can be used as an initial dose, and may be paired with ultrasound imaging to monitor 

stomach fill and avoid over feeding.  Stomach capacity can be increased with repeated tubing, 
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increasing volume delivered per tubing and thereby minimizing handling frequency. Collecting 

frequent body weights during handling is vital for tracking progress to determine success of the 

assist feeding program. Monitoring fecal quality is also important in assessing how gruel is being 

digested.  Floating oily fecals could indicate poor fat digestion or excessive dietary fat levels, 

poorly digested fecals could indicate over feeding or rapid transit time. 

 

In conclusion, elasmobranchs in negative energy balance require comprehensive 

nutritional support. Proper techniques for delivery, formulation, and assessment will drive best 

possible outcomes for our animals.  

  
 

Got Crypt? Who Doesnôt! 

Kayla Cristell and Brooke White 

Kayla.Cristell@merlinentertainments.biz  Brooke.White@merlinentertainments.biz 

SEA LIFE Orlando Aquarium 
 

SEA LIFE Orlando has a unique system in which many small exhibits as well as all three 

large exhibits are filtered by one Life Support System. This allows for a uniquely large gallery 

with exhibits placed around the aquarium. However, this can also mean challenges with parasites 

like Cryptocaryon within those exhibits. The purpose of this talk is to provide insight into how 

SEA LIFE Orlando has managed Cryptocaryon outbreaks on exhibits that can only be isolated 

temporarily. We would like to share different techniques we have learned to manage Cryptocaryon 

outbreaks and best practices for introducing new animals into water with historical Cryptocaryon 

presence. After many years of handling outbreaks and introductions in this unique system type we 

have found that combining medication, changing light schedules, cleaning routines, managing 

secondary infections, and close observations can create a successful introduction and long term 

management for fish within this type of system. 
 

 

Session 13: RAW Variety Pack, Part 2 

 

Sponsor Presentation: 

U.S. Mysids 
 

Use of a Customized 3-D Printed Harness for 

Buoyancy Control in a Green Sea Turtle (Chelonia mydas) 

Shannon McCarthy Smith, smccarthy@mysticaquarium.org 

Molly Martony , mmartony@mysticaquarium.org 

Emily Turcan, emilyt@adiatech.com 

Chris Wawrousek, chris.wawrousek@newbalance.com 

Mystic Aquarium, Adia, Inc, New Balance Athletics, Inc. 

 

 In 2008, the Mystic Aquarium was selected as the permanent home for Charlotte, an 

estimated 3-year-old male green sea turtle (Chelonia mydas) that was deemed non-releasable. 

Charlotte had sustained a severe boat strike injury that resulted in positive buoyancy in the caudal 

half of its body and limited mobility in its posterior flippers. Since arrival, multiple buoyancy 

correcting measures have been implemented with the intended result of aiding Charlotte in 
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obtaining neutral buoyancy. These efforts include weights epoxied onto the carapace and various 

neoprene, non-customized harnesses, all with varied success. Thus, the goal became to develop a 

customized 3-D printable harness with removable weights. For this purpose, Mystic Aquarium 

partnered with Adia Inc. (a regional 3-D printing company) and New Balance Athletics Inc. to 

create a strong, flexible, and adjustable 3-D printed harness for Charlotte.   
 

 After two years of design trials, Charlotte has successfully adjusted to the harness through 

desensitization training.  Weights have been incrementally added to the harness over time, 

eventually allowing him to reach neutral buoyancy. Other positive outcomes have been noted such 

as increased movement in Charlotteôs posterior flippers while wearing the harness. Major feeding 

session improvements have been recorded as Charlotteôs training scores have gone from the lowest 

possible score to the highest. This successful project and unique collaboration between a local 

startup and a global corporation has allowed Mystic Aquarium to build new partnerships and 

explore additional opportunities, and we hope this can serve as inspiration for other public 

aquariums. 
 

 

Are We Sure Itôs Ready? Modeling Animal Nitrogen Excretion  

for Effective Biological Filter Cycling 

Austin Calpin1, Becka Platuz2 
1 Kansas City Zoo & Aquarium, austincalpin@fotzkc.org 

2 Living Exhibits, bplautz@livingexhibits.com 
 

 Living exhibits operates outdoor seasonal elasmobranch touch exhibits at institutions 

throughout the country. This involves draining the exhibits for the winter and restarting them in 

the spring.  Cycling the biological filter is one of the most important steps in preparing exhibits for 

animals. Daily ammonia production for each exhibit was estimated based on the amount of food 

introduced. Biological filters were cycled using increasing doses of ammonium chloride until the 

full estimated daily ammonia production was nitrified in 24 hours. We will review the results of 

biological filter conditioning and water quality after animal additions of seven exhibits.  
 

 

Supersaturation in Aquariums: Stop Bombing This Interview Question 

Steve Bitter  

steve@tanageraquatics.com  

Companion Article in this Issue of Drum and Croaker! 
 

Total Gas Supersaturation is one of the more poorly understood phenomena in the public 

aquarium environments. Despite it being a common interview question, a simple explanation is 

difficult to come by. Indeed, the subject does not appear in the Kraken curriculum on 

AnimalProfessional.com and is not well addressed by beginner aquarium literature or online 

content. This talk aims to demystify the subject for aquarists specifically by defining total gas 

pressure and differentiating it from total dissolved oxygen. Additionally, it will explain the ways 

in which it poses health risks like Gas Bubble Disease, discuss how to measure it with modern 

equipment, and prescribe what to do in a supersaturation emergency. The goal is to create a clear, 

short, and understandable way for aquarists to understand this topic and be able to confidently 

navigate this issue in their home institutions. 
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DEVELOPING A MOBULID BODY CONDITION SCORING TOOL 

Lisa Parsons, Senior Aquarist (lparsons@georgiaaquarium.org) 

Georgia Aquarium, 225 Baker St NW, Atlanta, GA, USA 
 

 

A critical tool when monitoring the welfare of an animal is body condition scoring.  Annual 

physicals will provide a more comprehensive and in depth look at the animalôs overall health; 

however, monitoring the body condition, food intake/calories consumed, and behavior, will also 

help to assess the health of an animal. Taxa like Mobula sp. can exhibit rapid changes in body 

condition due to multiple factors including a fast metabolism, mating behaviors, injury, or changes 

in their social hierarchy. 
 

With more aquariums expanding their focus on animal welfare, there is a need to have body 

condition scoring tools for multiple genera of elasmobranchs. Body condition scoring on 

elasmobranchs has been established by Perry and Sawyna 2023 using a bronze whaler shark 

(Carcharhinus brachyuru) as a model and Kamerman et al. 2017 using spotted eagle rays 

(Aetobatus narinari) as a model. As more aquariums begin to exhibit Mobulid species, having a 

body scoring tool specifically for this genus is important due to morphological differences from 

other pelagic and benthic rays.  
 

In body condition scoring of Mobulids, there are three features that are looked at: the dorsal 

coelomic surface, ventral coelomic surface, and pectoral girdle (Figures 1a, b). To conduct the 

body condition score, both the rear and lateral views are observed. Scores are ranked on a scale of 

ñ1-5ò. ñ1ò illustrates an emaciated individual, ñ2ò represents an under-conditioned individual, ñ3ò 

is optimal body condition, ñ4ò illustrates an over-conditioned individual, and ñ5ò constitutes an 

obese individual. Some Mobula species may go through normal fasting periods and others may 

experience frequent social hierarchy changes, injuries etc.; therefore, most aquariums should target 

a score of ñ4ò instead of a ñ3ò to ensure that the animals have a cushion to support them during 

fasting periods. 
 

Body condition scoring in Mobulids is usually more fluid than in other elasmobranchs due 

to their planktonic diet and multiple feeds a day. Once the animals miss a few feeds, it is important 

to regularly monitor the body condition until normal feeding behavior resumes. Having an 

unbiased method to conduct quick body condition scoring between routine physicals can help 

increase the longevity of these species in aquaria.  
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Figure 1a. Mobulid Body Condition Scoring utilizes a manta illustration to show body proportions and key 

anatomical features viewed from the rear and laterally. Scores 1 through 3 shown.  
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Figure 1b. Mobulid Body Condition Scoring utilizes a manta illustration to show body proportions and key 

anatomical features viewed from the rear and laterally. Scores 4 and 5 shown. 
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AQUACULTURE OF GIANT SEA BASS AT THE CABRILLO MARINE AQUARIUM 

Atsuhiro Kubo, Christopher Bautista, Karla G. Burgos, Kathleen T. Burton, Eric I. Dean, 

 Cristina Fuentes, Chris L. Okamoto, Nathan Perrin, Dominique T. Richardson, Milinda A. 

 Thompson, Juliann Vannordstrand, Emily Wilson, and Andres Carrillo 

Cabrillo Marine Aquarium, 3720 Stephan White Drive, San Pedro, CA, USA 
 

 

Introduction 

The giant sea bass (Stereolepis gigas, Family: Polyprinidae) is a large bony fish that can 

reach lengths of up to 2.3 meters, over 7 feet, and weights over 250 kilograms, 551 pounds (Hawk 

and Allen, 2014, House et al., 2016).). As adults, giant sea bass (GSB) reside near deep rocky reef 

and kelp forest habitat off the coast of California and Mexico (Domeier, 2001; Hawk and Allen, 

2014). Historic fishing practices significantly impacted the GSB, and by 1934 the California 

population had fully collapsed (Allen, 2017). Regulations established in 1981 prohibit the harvest 

of GSB in California, and in 1996 the GSB was listed as critically endangered by the International 

Union for Conservation of Nature.  
 

Since implementing fishing restrictions, the GSB populations are slowly recovering 

(House et al., 2016). Conservation efforts of GSB could further benefit through aquaculture 

practices which could be used to restock GSB populations, and also serve as a model for other 

large fish species. The purpose of this paper was to describe small-scale aquaculture methods used 

to rear GSB from embryos to early young stage at the Cabrillo Marine Aquarium. In addition, 

growing GSB during this project provided a unique opportunity to observe and describe the early-

life development of this cryptic species. 
 

Obtaining Eggs 

Fertilized eggs were obtained from three mature GSB held at the Southern California 

Marine Institute in Los Angeles, CA from four separate spawning events that occurred on June 18, 

22, and 28, and August 12 of 2019. Fertilized eggs were transferred to Cabrillo Marine Aquarium, 

San Pedro, CA where they were acclimated in 16-L rectangular tanks supplied with flowing 

seawater, maintained at approximately 20C̄, until they hatched. 
 

Rearing GSB 

Approximately 700 larvae were transferred into 80-L pseudokreisel or 60-L conical tanks 

supplied with flowing seawater maintained at approximately 20C̄ to keep larvae suspended in the 

water column (Fig. 1). Larvae were not fed until 3-days post hatched, because GSB did not develop 

mouths until 2 days-post hatched and they possess sufficient yolk reserves. At 3-days post hatched, 

larvae were fed live rotifers (L-type Brachionus plicatilis) by maintaining the larval rearing tank 

at a density of 2 to 3 rotifers mL-1 throughout the day. When GSB were 10 days-post hatched, they 

slowly weaned onto brine shrimp nauplii by keeping larval tanks at densities of 0.5 to 1.0 nauplii 

mL-1, in addition to rotifers. Once larvae were 16 days post-hatched, GSB were fed nauplii only. 
 

Live foods, rotifers and nauplii, were enriched in 5-L of seawater dosed with 10 mL of a 

microalgae mixture for two hours prior to feedings. The microalgae mixture was made by 

combining Instant AlgaeÈ (Reed Mariculture) pastes: 500 mL of ñN-Rich PL plusò, 300 mL of 

ñN-rich Ultra PLò, and of 100 mL ñShellfish dietò supplemented with 100 mL of SelconTM 

(American Marine Inc.) to enhance DHAôs and vitamins available to GSB. Live foods were 
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provided to larvae during two periods: daytime (800 to 1600 hours) completed manually and 

nighttime (1700 to 700 hours) using an automated feeder to accommodate Cabrillo Marine 

Aquarium hours of operation (8am to 5pm). The automated feeder was created by attaching a 

programmable low-pressure sprinkler tap timer (ToroÈ unit:53453, The Toro Company) to a bucket 

holding live foods under enrichment conditions, which was programmed to release calibrated 

portions of the bucketôs contents into rearing tanks every hour to maintain the desired densities of 

live foods (Fig. 2). 
  

GSB were maintained in the larval tanks until fish began to settle near the bottom of the 

larval tanks, starting as early as 20 days-post hatched. Settled GSB were transferred into 35-L 

settlement tanks supplied with seawater maintained at approximately 20C̄ (Fig. 3). GSB in 

settlement tanks were fed enriched nauplii and were weaned onto finely chopped mysid shrimp 

starting at 25 days post-hatched. During this weaning period, GSB were fed nauplii while they 

slowly transitioned to eating chopped foods, which included shrimp, fish, squid, and clam. Once 

weaned, GSB were transferred into a 260-L conical tank, when they were about 10 mm in total 

length at densities of 60 to 80 fish per tank (Fig. 3), and they remained in these conditions for over 

one year. 

              

 
Figure 1. Larval rearing tanks: Consisted of A. pseudokreisel tank to keep GSB larvae. B. Schematic of 

pseudokreisel tank setup. C. Conical tank also used to hold larvae. D. Schematic of conical tank setup. 
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Figure 2. Automated feeding system designed to maintain live food densities at nighttime: A. Consisted of a 

5-gallon bucket fixed to a low-pressure sprinkler timer. B. Schematic of feeding bucket setup. 

Figure 3. GSB settling in tanks: A. 35-L tank held newly settled GSB. B. 260-L conical tank held young GSB.  

 

 

Observing GSB Development 

 GSB embryos, larvae, and juveniles were carefully removed from tanks to observe under 

a compound microscope where they were photographed using a Canon SX620 digital camera. 

Specimens were observed while fish were alive to reduced challenges with shrinkage and color 

changes which typically occurs when preserving specimens in formalin. After initial observations 

and images were captured, the specimens were preserved in 5% formalin for reinspection purposes. 

Scientific illustrations were completed using live observations and digital images throughout early 

GSB development.  
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Embryonic Development 

The fertilized eggs of the GSB were between 1.5 to 1.7 mm in diameter. At about six hours 

after fertilization the embryos had reached the 60 to 120 cell stage of development (Fig. 4A). At 

10 hours post-fertilization, the embryos had begun to close the germ ring (Fig. 4B). After 1 day-

post fertilization the embryos had formed their head and tail regions, and at this stage the eye 

formation was observed (Fig. 4C). At 3 days-post fertilization the body was well formed and 

chromatophores appeared along the body of the embryo (Fig. 4D). GSB embryos hatched when 

stimulated with sufficient water agitation at 3 days-post fertilization, which was observed when 

embryos were sampled for observations. 

 

 

Figure 4. Illustrations of GSB embryos at various ages: A. 6-hour embryo. B. 10-hour embryo. C. 1-day 

embryo. D. 3-day embryo.  
 


