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DRUM AND CROAKER ~50 YEARS AGO
Richard M. Segedi

From: AQUARIUM DESIGN CRITERIA,' Drum and Croaker Special Edition (#1), and
PLANNING THE PUBLIC AQUARIUM, Drum and Croaker, September 1970, Wm. Hagen
et al.

We have lived in an era when even a mediocre fish menagerie could beo#itm®x
success. Wera approaching an era when we will be expected to teach and to explain biological
concepts rather than to merely exhibit specimens.

An aquarium built almost anywhere will prove to be a popular attraction. Nevertheless, to
be successful, whether finandyabr in terms of education or recreation, it must be sited where a
real need exists.

It is also a clear warning that the public will not long continue to accept the standard
practice of displaying a fish in a transparent cage with a little note gtgicguntry of origin and
its "scientific" name.

Today's youth wants to know about adaptation, behavior, physiology, convergent and
divergent evolution and, since it is already aware of continental drift, about speciation through
isolation. Accounts of Brwin's voyages are now popular reading and the concept of evolution
through natural selection and mutation is discussed at the junior high school level.

An attempt should be made to arrange exhibits in an interesting manner, avoiding the
monotony of glight lines of square panes of glass. The sizes of the tanks shown are really not
pertinent but it is desirable to have at least one largg{tanBin which a large community of local
fishes or reef fishes, or a few porpoises can be displayed. Tanksl $feoarranged to avoid
reflections in tank fronts.

The alignment of display tanks is intended to provide variety and to lead the public along
a routine pathway, and provides considerably more display frontage than would a rectangular
straightline arralgement, and it is much more interesting. However, this plan for display tanks is
more expensive to install than a straijhé arrangement, because water lines, trough drains, and
the raised service platform must follow the irregular route.

As Earl Heald says, "An aquarium is much like an iceberg, 7/8ths of which is hidden from
view under the water."
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THE CULTURE OF Sepioteuthidessoniana(Bigfin Reef Squid) AT THE MONTEREY
BAY AQUARIUM

Alicia Bitondo, Aquarist Il abitondo@mbayag.org

Monterey Bay Aquarium, 886 Cannery Row, Monterey, California 93940

Abstract

The Monterey Bay Aquarium has kept lessonianaontinuously since June 2013. This
study contains data recordedrfradanuary 2017 to January 2019, tracking 23 cohorts fioom
genetic lines. Official hatch date of each cohort was approximated using the average hatch date.
Parameters tracked included temperature, size, dietary milestones, tank transfers, amagegg la
all recorded with respect to days post hatch (dph). New genetic lines are started withughd
eggs, and historically our animals have been bred @igtd generations. The eggs hatch after
aboutthreeweeks, and hatchlings will take adult mgsiwithin the firsttwo days, followed by
very small grass shrimp. It is best to shift them to a higher protein food source like live fish as
early as possible, eventually transitioning to a diet of frozen fish. As the animals grow, they need
to be moed to successively larger enclosut®@sr animalsare exhibited in an 187&allon tank
along with coral small rock structures andll plasticgrasses. Mature females use these grasses
to lay their eggs, which are then collected, treated and incubdteldaiching. Growth data show
a sexual dimorphism where the male growth rate is higher after maturation. *Note that animals
grow at different rates and all measurements and observations should be treated as guidelines rather
than absolutes.

Background

Sepioteuthis lessoniarffeommonly known as Bigfin Reef Squid, Oval Squid or BFRS) are
a neritic, schooling squid favoring shallower nearshore haliNatshitabhata, 1996)This species
is widely distributed in the Indian Oaggound as far east as Hawaii and as far north as Hokkaido,
Japan(Segawa, 1995)The most extreme estimation of their temperature range comes from
Segawa (1995), in which a minimum of 60 and maximum of 82 degrees Fahrérheg (
described. Metaboliate, growth and behavior differ depending on temperature in both the wild
and in captivity, though maximum age does not seem to be aff¢gdwa, 1995Forsythe,
Walsh, Turk, & Lee, 2001Jackson & Moltschaniwskyj, 2002)n Japan the squid tend tcaspm
seasonally in the spring, such that their hatchlings develop during the warmest summer months
(Segawa, 1995)Growth rate is high even when compared to other cephalopods, averaging an
increase of Bl0% wet body weight per day depending mainly on teatpeg and nutritional
intake (Forsythe, Walsh, Turk, & Lee, 2001 eeding rate peaks at 30% of wet body weight per
day, a challenge for captive rearing because squid typically handle one food item at a time, and so
must be fd frequently(Lee, Turk, Yang, & Hanlon, 1994orsythe, Walsh, Turk, & Lee, 2001)
Wild caught adults have been exhibited at several aquariums, buthbese culturing of squid
for exhibit at public aquariums is relatively new.

EggCare

The process foculturing BFRS begins with egg acquisition, whetheldwaughtor
cultured (wild caugheggs are used to begin new genetic né3ur captiveraisedfemales will
lay on fake grass bunchegth bladesof 1/4-inchwidth and of lengths varying from3 feet(Fig.
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1A). They prefer grass that already has eggs on it but will lay on bareifgifesssis all that is
available The males clean the eggs,ists ok toleave them undisturbed for about a week
encouragenore egg layingAfter a week the eggs need torbenoved, cleaned and separated.

Figure 1 Egg laying A) Eggs on grass B) Female laying eggs C) Male cleaning eggs. Split color display is a
common method of comunication in coleoids. The pale side faces a possible aggressor and signifies
submission to reduce the likelihood of an interaction.

The egg cases or fifingerso are attached to
sometimes referredtoash e fAcuti cl eo. Re mov e Lslodgmditees f r on
cuticle at its attachment point arsliding individual blade®f grassout while the eggs remain
submerged. Plaga a container of water dosed with Revive coral clearfeuatapfulsper gallon
for tenminutes. Thigprocesgemoves parasitic copepods that eat the egg casifgenplace the
eggs in clean watdpo trim off the cuticle, which igxtraneous and prone to decbise a sharp
pair of small dissecting scissors to separaté egg case from the main bunch, but do notipatee
the egg casig.

Once the eggs are trimmed, they can go into a mesh basket in the ha{8eaAbpendix

A for dimensionspat 76 78°F. Baskets should be large enough that the eggs spread into adaye
thicker thantwo or three egg cases in height. We typicallg pslyethelyne mesh withcuarter

inch (6.4 mm)opening for outbaskets. This sizemeshis small enough to cushion the eggs but
large enough to let hatchlings escape. The basket sheglasbended at the top of the hatch tank,
with the supply provided by an upward facing spray bar positioned under the basket (see Figure
3A). Flow rate should be enough that the eggs are moving slightly. Check flow daily as too much
motion cartrigger premature hating, and too little will quickly lead to decay in dead spots

The eggs will begin to swell about 10 days after laying. At this point the eggs should get
their first of two Betadine dips. The entire basket can be lifted fromnketal placed in a bucket
premixed with 1ml Betadine per liter water for 10 minut@&acterial decay of the egg casing
causes a mottled appearance Fig. 2D). If egg casing is showing excessive bacteriakdeoay, a
Betadinedip can be done. This must before the embryo i&lly formedas in Figure 2D, or it
will incur premature hatching

Drum and Croakeb1 (2020) 4
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Figure2Egg devel opment . 12 ddessindividual eggs aie siefinedand shghtly
transparent. B) 2@ays: eggs arelongate, swollen, embryo jsst visible C) 24 days embryo is

well defined D) 25 days: embryo slightly larger than yolk, egg is about 3cm along its longest axis
(mottled appearance of egg casing shows moderate bacterial.decay)

Eggs begin hatching ah average of2dayspost hying with a range of five to six days
at 78F. While eggs are hatchingemove spent or rotten egg caskdlen yolks, and dead
hatchlings, but avoid touching viable unhatched eggs. At this stage it is very important to disturb
them as little as possé) as pressure triggers premature hatchiRyemature hatchlings are
noticeably smaller and have a lower chance of survival, especially if they still have yolks.

Even fully developed hatchlings have a high mortality rate during the first 30 daysigangi
from 50-100% depending on nutrition, flow, temperature, and the impact of external stimuli such
as light. hitial cohort size shoulideally be at least three timéise target number of adults.
Fortunately, the hatchlings are not sensitive to highilessluring the first 30 days. After the
first monththe weak hatchlings will have mostly died out. Mortality after this point is mainly due
to aggression, stress and cannibali$imese factors increase with age and stocking de(ssaty
Appendix A)
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Figure 3 A) Hatch TankB) Eggs at 30 days: peak of hatchi@y 7 dph

Hatchlings will initially be pale (Fig. 3B), but boist hatchlings should exhibit a dark
colorationwithin the first 35 days(Fig. 3C). Paleness is common in theungest hatchlings, but
prolonged paleness indicates weakness and is often accompanied by a difficulty in swimming or
catching food. After a few weeks the hatchlings will start to develop a few distinct behaviors and
patternsgee Figuret). Arms up intwo forks (FiguredB, 4C) usually indicates defensive behavior,
while hanging arms and especially tentacles (FigielD) is a more relaxed posture. Once they
begin to school, they will often exhibit identical behaviors. It is at this point that yieesibmes
a concerngee Appendix A).

N

C D ’

Figure 4 Behavior at 31 dph A) hanging tentacles doBpharms up
in two forks with beak operC) Clear posterior, arms in,\D) Clear
arms/tentacles with dark tentacle tips hanging down
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In general, our squid ateept between 7Z8F. It is best to keep juveniles at the higher
end of this range so they have a healthy appéiegawa 1995) This relationshipcan be
exploitedif you want to speed up or slow down growftholding space is limited, or a greater gap
in size of cohorts is desired’hough growth rate will change, maximum size and age at maturity
do not seem to be affected by temperat(Mabhitabhata, 1996)n one of our trials, two
populations from the same clutch wkeptat two different temperatures,®Fand 78F beginning
atthreemonths of age. The warmer cohort gnewre quickly but both groups laid eggs within
one day of each other though they had been separatedefotwo months.

Diet

Sepioteuthidessonianahas an extremely high r@olism.Jackson & Moltschaniwskyj
(2002)emphasize that nutritional intake is just as important as temperature in influencing growth
rates. BFRS are highly cannibalistic even whesgaitely fed, and frequent feedings mitigate the
occurrence of aggressive interactiofi® keep the animals satiated they must be fed as often and
as large a food item as possible. Spread the feeds out, ideally making them part of opening and
closing roums, to mitigate overnight cannibalism. A good metric for item size is to never feed
items that are longer than the total body length of the animalgFiBacing of feeds, especially
once the animals start becoming more competitive around 30 dphg keegls Too slow and they
will fight over the food items, buf more than one piece is added at a time it causes confusion and
most of the food will end up on the bottom uneaten

Figure 5 Food item to body size ratio. AR dph with adult mysid$) 31 dph with grass shrimg) 53
dph with rosy red minnow

BFRS will not take dead food during the first few months, and so the additional logistics
and labor involved in housing and maintamilive prey items should be considered. They will
also prefer food that is in the water column rather than on the bottom or floating at the top. At 0
dph, gently add a few live mysids (ekmericamysis bahjaFig 5A), but the squid may not feed
for the irst couple of days. Try to gauge whether they are eating by watching for the buildup of
mysids on the bottom, which should be avoided as they will pester and stress th&lsquid.
hatchlings will not take mysids off the bottom during the first week, aoyrsmaller,spread out
feeds increase the amount of time food itemssaspendedIf there are excess mysids on the
bottom, they can be resuspended using a turkey basteith the spray bar rather than adding
additional mysids Hunting off the bottomstarts to occur around 42 dph and & this point
excess mysids are not as detrimen@hce the animals are eating reliably, they should receive six
feeds a day regardless of age, size or food item.
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Hatchlings willstart taking tiny grass shrimp orvat fishat any ages long as the items
are not bigger than they are (F&B). Squid need a high amount of protein and do not have large
fat stores, so fish are an ideal food sodaekson & Moltschaniwskyj, 2A). Becausdinding a
large and steadgupply of larval fish can be a challengee typically use livegrass shrimmf
progressively larger sizébat have been enriched with kifEuphausia pacificauntil the squid
are large enough to take live rosy red minnoRsngphales promelasig. 5C). This happens
around 40 dph, andagss shrim@re theralternated with fishthroughout the day.

It is important that the squid eventually moveatdiet of lean baitfish like silversides
(Menidia menidiq or whitebait Epirinchus stark3j that areavailable frozen in bulk. This allows
for an overall greater quantity of protein to be ingested without having to maintain populations of
large feeder fish Once the squid are getting dead food the tanks will get dirty very quickly and
should be siphonedt least once a day, in addition to being monitored for ammonia. Our squid
start takingthawedsilversides at an average of 104 days, and whitebait at about 122 days, so
attempts can start a week or two before those dates, especially since it willxtake f@r them
to all take it.

Whole fish should be tossed into the tamkt do not reach over the tank as overhead motion
will spook the squid and they may not notice the food. If an individulalesestedn a food item
it will point its armstowards it andthe patch above its eyes will pulse between light and. dark
They will either fAatt ac k onoredentlwshitheigarms®tastihe t ent
transition to frozen fisby offering it exclusively athe first feed of the dayvhen the animals are
hungriest Over the course of a few weeks the pacing of the frozen feed will increase as more of
them start competing. When more than half of the squid are taking frozen, increase frequency to
the first two feeds of the dayOnce tle majority are taking it, feed exclusively frozen except for
the last feed. The final feed should always be live because live food will always be accepted,
whereas not every animal will eat the frozen at every feed, and they should be as full as possible
overnight to reduce the likelihood of aggression.

Handling

BFRSshould be handled as little as possilblewever some handling is necessary as they
will need to be transferred into successively larger tanks as they gitwe must be done
incrementally because too much space is detrimental (for further discussion on deesity s
Appendix A). It is important when moving the squid to minimize styes®l to prevent air from
entering the mantle cavity.

To capture the squid, corral them usirgls one at a time and transfer into an intermediate
vessel. Brine shrimpnets work wellfor catching thenbecause their fine mesh gets clogged by
the squidds mucus, sl o6B). €rdlirgtheanidhal withimmadkeepso f wa 't
it mostly submerged as is transferred to the transport vessel, the dimensions of which are
determined based on the size of the squid. A sufficient volume of water is necessary to support
their high basal metabolic rate, but they are less likely to exhibit stress behaviaas getthg or
inking when in a smaller container. Stressed out BFRS rapidly consume oxygequliandlsis
highly viscousjncreasing the likelihood of asphyxiatioiif. the squid does ink, the best thing to
do is get it into new water as soon as pgassideally into its new enclosure if close by.

Drum and Croakes1 (2020) 8



For squid younger thad0 dph atwo-liter beaker can be used for transportatdrup to
ten squid at a tim@-ig. 6A), and stress behaviors are not a big concern because the animals are so
small After 40 dph, an appropriately sized transport vessel will greatly reduce the chances of
inducing stress behavioit 40-90 dphtwo or three animals can be transported together in athree
gallon bucket. At 9450dph, move one squid per thrgallon bucket. Layer (greater than 150
dph) squidstay the calmesvhen moved individually ira containerwhosediameteris close to
theirtotal body length

To release a squid into its new enclosure, dip the transport vessel into the water deep
enough that it can swim bwithout contacting the air, and use a gloved hand under the ventral
mantle to guide it. Position the animal with its posterior dowthattheinitial mantle contraction
will expel any entrained ai oandipisveeommanpraciite c al |
when handling cephalopods.

Figure 6 A) 31 dph squid araddedo a 2x3 using a beakds) 90 dph capture with brine n€) Adult
squid calm in bucket.

Exhibition

When adding a new cohort of squid to exhibit, several factors shmmulcbonsidered.
Younger animals will likely have a longer stay on exhibit (our minimum age on exhibit was 79
dph), however age is not the only deciding factor. Before being moved to exhibit the animals must
be routinely taking frozen food, or else theylvidve difficulty feeding in their new enclosure.
They should also be adapted to the exhibit environment, as described in Appendix A.

Due to the short life span and high growth rat8.dessonianghe progeny of the exhibit
adults will likely not bereadyfor exhibit before the adults dieThe idealgrow-out process
propagateswo geneticlines at approximately #shreemonth offset with several cohorts of
different ages The ability to keep sevdraohorts of different sizes will be limited by the number
of large holding tanks available. w

Aquascapingf the exhibitcan vary We use a combination of rocky reef strucfuerals
and fake grass BFRS are capable ofavigating around hard structurdsit the surface area of
vertical structures should be kept to a minim@BRRS will tolerate the relatively high light and
flow levels neeed to support photosynthetic invertebrates as long as they are acclimated during
development (Appendix A)lhe animad will tend to orient facing the window, often chasihg
reflection of food.

Drum and Croakes1 (2020) 9



Mitigate aggression by spreading feeds throughout the day, hoaareight cannibalism
is likely to occur occasionally and so the population will naturally dwindle over. tinaeger
males tend to attack females aswhallermales, leaving bite marks or eating part of the body
(usually the head). This becomes more common as anmnalse and begin mating. If there is
one obvious aggressor, it can be removezdldngateadoor t 6 s st dhesvappingauthi bi t .
of entire exhibit populations should allow enough time for the new population to be developed and
on frozen food. Because squid do not tolerate divers, the swap should be coordinated with any
necessary deep cleagithat requires removing the animals, such as bleaching or diving.

Figure 7 November 201BFRS Exhibit at MBA Photo by Catherine Traub

Growth Study
It is widely agreed that growth rate is affected by both termperature and nutrition, but age
at maturity and maximum adult size are similar between-galdght and laboratory cultur&i
lessoniana(lkeda, Anderson, & Matsumoto, 280 For this growth study8 individuals were
measured post morterand size was plotted vs. age (Fig.@n.di f f er ent i at ed BFRS
to grow linearly up to about 15@ph At this point thet appears thenales grow much more
quickly than thdemales, resulting in a sexual dimorphigrat is usually obvious by 150 dgfig.
9A). Jackson (1989) noticed a similar dimorphism in wild caught individuals.

Reproduction:

Males will begin guarding females as demonstrated in Fig@reTo mate, thenale will
swim directly above the femal e, rotate upside
arms with its own as it inserts a spermatophore into her mantle (R@)re Eggs are laid
beginning anywhere from 118 to 1dfhand eggs may Haid over a period of up thhreemonths.
Increased aggression causes mortality especially in females as size dimorphism between males and
females as well as between dominant and subordinate males widens.

Drum and Croakeb1 (2020) 10
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Figure 9 A) Sexual dimorphism/mate guarding, male on left.MBating, female on left. Note horizontal color

bands on maleC) Female BFRS with eggs visible as the yellow mass inside her posteritie mavity.

Appendices
Appendix A: Enclosures

BFRSare well adapted for captivity because they are not highly mobile unless stressed.
This allows for the use of rectangular tanks, which tend to be more space efficient than circular

tanks. This species is not sensitive to density until about 30 dphodhd hatch tank density can

be high as long as good water quality is maintained. Around 40 dph they will need enough room

to spread, but if the tank is too large, they will have difficulty schooling and finding their food.
Our target cohort size of 120 squid works well with our standard holding tank dimensions, and

we typicall
from a 2x3

y do two ani ma
to a A4x80 or

| transfers.
the exhibit.eafeabl e

range of squid kept in that size tank based on the average.
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Table 1 Holding tank dimensionm inches

Outer dimensions (LxWxHHouse Name |Days Post Hatch
24"x12"x24" Hatch tank 0-34
36x"24"x30" 2x3 34-78
96"x48"x36" 4x8 78-

Figure 10 Squi d

The hatch tank should be kept in a low light area. All other holding tank setups should
prepare the squid for exhibit conditions, most importantly higher intensity light and the activity of
humans. To address the former, make sure there is a lightheveank bright enough that all

in fi2x30 at both ends

of range A

corners are illuminated. Refuge is provided by habitat such as grasses (Fig. 10B), and the squid

tend to prefer the space where the shadow and the lighi(lbeeetTurk, Yang, & Hanlon, 1994)
To habituate the squid to human activity, their holding tank should have a window. This is

important not only for the squid to get used to seeing movement outside their tank, but also to

facing a reflective surface.

Collisions and abrasions will occas animals contact the sides of any tank. Hard collisions

can break the squi

collision are likely stressnduced. Rubbing on the sides of the tank is more common than jetting,

dés pen, and
These animals are very good at navigating enclosures, so any instances of jetting that result in a

even

s ma l

abr

so to mitigate the occurrence of abrasions keep the tank sides as smooth as possible. To address
upward jetting, lids and jump guards will be needed. Lidsracessary starting around digh

and are sufficient up to 600 dph (Fig. 11A), by which time the animals should be moving to a
larger holding tank. Larger holding tanks should be equipped for the largest squid, with jump
guards at least three feet abavater level. A solid frame consisting of modular units wrapped in

mesh (Fig. 11B) is a lightweight design that provides a flexible, soft surface to reduce contact

damage.

Drum and Croake®1 (2020)
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Figure 11 A) Lid on f2x30 ModuahPVE fraend and meshopp r t B)
guards orexhibit tank, including feeding port

Appendix B: Euthanasia

Cephalopod euthanasia can be tricky because these animals are highly reactive, and their
viscous ink will suffocate them in a closed container. Past methods,am@ngcals including
ethanol, MS222 and Magnesium Chloride, have all induced jetting and inking in our BFRS. Dr.
Mike Murray introduced a nevwo-step protocol for cephalopod euthanasta our team in
December of 2018. Stepneis the dosing of a MagnesiuChloride solution at 200ml/minute
from an IV bag. The solution is composed of Magnesium Chloride Hexahydrate and deionized
water to a dilution of 7%. A 1:1 ratio wialtwatelis used so that after the entire dose is delivered
the total volume will have doubled and the concentration of the Magnesium Chloride will be
halved to 3.5%.It appears that as long as the animals do not ink initially, they are calmed by
placing a lid oer their container and begin relaxing visibly within abiowg minutes of initiating
the dosing. The end goal of this stepo depolarize the nerves of the animal, effectively killing
it. StepTwo is decerebration, an incision along the antposteior plane between the eyes.

This method has been a huge improvement, greatly reducing stress for both animals and
aquarists.It has beemised orover 20 BFRS of various ages ranging from hatching to large adult,
with no jetting or inking observed.
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COMPARISON OF MEAN ABUNDANCES OF ECTOPARASITES FROM NORTH
PACIFIC MARINE FISHES

John W. Foster 1V, Staff Biologistjohn.foster@pdza.org
Tai Fripp, Animal Care Assistant tai.fripp@pdza.org

Point Defiance Zoo and Aquarium, 5400 N. Pearl St., Tacoma, WA 99407, USA

Abstract

Ectoparasiteprovokea variety of medical issues in public aquariammal collectons.
The Point Defiance Zoo and Aquarium had an opportunity to study such parasites in their North
Pacific Aquarium(1963)systems with the building of the new Pacific Seas Aqua(k0t8) This
opportunity provided a foothold for understanding variables involved with infection and follow up
responsive treatmenfemperate maringéshes weresubmerged ifireshwater to allow collection
of detached ectoparasites. Among 23 species (7 familiesaohe fishe that were moved and
sampled, three parasites wdeused on for this study: therbdinean leech Heptacyclus
diminutus(n=1,866,average prevalence 57.6%), tlasalid monogeneaNeobenedenia melleni
(n=11,804, avexge prevalence 84.9%)né the ernaeopodid copepolavella parva(n=233,
average prevalence 18.3%). Comparisohmean abundanogere made between host species,
host exhibit and host sizBeveloping a betternderstandingf the variablesnvolved between
hoss and parasiteallows aquarists to improve methods that prophylactically and responsively
manage parasitic ailments.

I ntroduction

Point Defiance Zoo and Aquarium (PDZA) has historically managed chronic parasitism
associated with its displays of nativehfioften responsively in cases of extreme infection in
individual fish Anecdotally, staff have observed variable sensitivities between individual fish
towards generalist parasites, however limitations on time aodirges had prevented a more in
depth bok at the patterns of infection. Possible reasons for these variations were believed to be
associated with host species, exhibit characteristics, and host size/age.

With the construction of the new Pacific Seas Aquarium (PSA) and closure of the North
Pacific Aquarium (NPA), an opportunity presented itseletaminesome of these hypotheses in
a more structured way. As fish were moved out of the NPA, they were put through responsive
guarantine treatments in isolated batches specifically targetingphosstes regularly observed.
We collected and analyzed samples of external parasites from approximately 60% of the individual
fish that went through treatment.

Exhibit Descriptions

Samples were collected fraiish housed in 12 exhibits anco#-exhibit holding systera
Exhibits could be supplied with filtered and/or raw seawater feeds; raw seawater was added to help
supplement the dietary requirements of a variety of filter feeding invertebrates that inhabited the
exhibits. Appendix 1 displays dimaaoss, volumes, and shapes of the exhibits as well as a brief
overview of heterospecific speciest sampled for this study that welisplayed within eacl{see
Appendix 1)Natural seaater wassuppliedto theNorth Pacific CommunityNPC) exhibit from
a pump station at the nearby shoreline after being filtered through rapid sand filters. All other
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smaller NPA exhibits wersupplied seawater from the NPC andoatkrflow returned to the Puget
Sound.

Exhibit Fish

The NPA was devoted to the display of mathorth Pacific invertebrates, teleosts and
chondricthyas focusing on ecosystems scattered around the SalishviBe@mphasis on Puget
Sound The majority of the teleost species consisted oStimstegenusof rockfish which made
up 84% of the fish utilized in this study. TBebastespecies displayed includef: auriculatus
(brown), S. caurinugcopper),S. diaconugdeacon)S. diploproa(splitnose),S. emphaeuduget
Sound), S. flavidus(yellow tail), S. maliger (quillback), S. melanopgblack), S. miniatus
(vermillion), S. nebulosugchina), S. nigrocinctug(tiger), S. pinniger(canary), S. ruberrimus
(yellow eye) and varioushybrids collectively referred to in this study &sebastesspp
Additionally, we sampledectoparasites fromthe following speciesin the collection:
Hexagrammos lagocephalusock greenling),Hemilepidotus hemilepidotuged Irish lord),
Anarrhichthys ocellatugwolf eel), Hexagrammos decagrammyelp greenling),Platichthys
stdlatus (starry flounder),Embiotica lateralis(striped perch)Acipenser trammontanus(white
sturgeon), an@phiodon elongatu@ing cod).

ParasiteBiology

The biology of the ectoparasites found in this study may help explain some of the
similarities and variation seen in relative levels of infection across the different hosts sampled,
especially in regards to their reproductive strategies, infeciwth feeding behaviors (Rhode et
al., 1995, Pouin, 2013). This section will briefly comgthose aspects of the three major parasite
species observedSimilar bological aspects founédmong the three species include direct life
cycles, portions of the life cycle spent away from hosts, ingestion of host tmstlagls for
nutritive purpose, compromise of the host epidermis allowinggdossiblesecondary infections,
and temperature dependent reproductive retgmble ofresulting in high numbers of viable
offspring (Brazenor and Hutson, 2015, Ravi and Yahaya, 2016).

Neobenedenia melleni

The capsalid monogeneadeobenedenia mellemias found on the surface of skin, fins
and eyesof host fish The adults are oviparous and simultaneous hermaphrodites, with the
capability of viable selfertilization across multiple generations, each ablproduce up to 200
eggs/day (Hoai and Hutson, 2014). Eggs are produced with long threads that entangle on textured
surface following release into the water. Free swimming, ciliated larvae called oncomiracidia
hatch and begin to use chemgamitted g potential hosts to rapidly search for infection
opportunities (TrujilleGonzalez, 2015). Once successfully attached, they roam over the surface
of the host and feed on epithelial cells and mucous, growing from ~50 pum to upwards of 2500 pm
in as little @ tendays (Brazenor and Hutson, 2015). At this point the cycle begins anew (see
Figurel).

Wild counterparts reproduce aggressively with the hope that a few offspring have the
opportunity to achieve sexual reproduction, whereas the same tactics apipleecestricted space
of a captive setting result in relatively higher success rates with the potential to overwhelm hosts
and deplete physiological resources to the point of morbidity and mortality (Thoney and Hargis,
1991). The attachment mechanisntese parasites use to hold fast to the slick surface of their
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hosts include a large posterior d&taped sucker with four sharp hooks called hamuli and two
anterior suckers lacking hooked structures (TrujBlonzalez, 2015). As they move over the skin

of their hoststhey maycreatephysical punctures through the epidermeigposng the fish to the
potential of secondary infections (Koneko Il et al., 1988, Thoney and Hargis, 1991). Variations
in host scale size and pattern and other anatomical praporiay impact available attachment
and feedingsites forN. melleni(Trujillo-Gonzalez, 2015).

-~ g g
”~ g 2 mm
\\ _ ) 7 m— NG
)4 A / \
- / \\
- / \ ’
“vv F . /
\ ;
p = > \
\ g \ 7 //
/ N , \ /
PN } — | '
) < | = —
\ {
‘ 4\\\2\
N {
\ ‘, e < o
A e
R - X ™| // < : \ E /7 N
: ) N\ \
=i ~ = A\ N / \
\\\' v \ L\ \ 3 / ; \
) oS ‘ / D ;
‘ g \ \J \
fre 4 | 7 |
B r » <] | aql |
- mm g -~
E=—m A \ f \ L7 ‘
e (&) -
» k "/ /, 400 pm
\ | 4 / \ /
\, / N\
// 2

Figure 1 Life cycle of Neobenedenia mellerAdult capsalids live and feed on the outer surfaces of various
northeast Pacific fishe&\J. Cross or selfertilization (hermaphrodisim) results in viable eggs being released
into the environmentg). Eggs entangle upon surfaces and each other and esriggin to develop and show
eye spots €) before freeswimming oncomiracidia hatclDj and begin to seek out potential hodg. (
Oncomiracidia attach to host fish and begin to feed and grow into reproductive adults.

Heptacyclus diminutus

The hrudinean leechHeptacyclus diminutureviously known adlalmiana diminutd
(Williams and Burreson, 2006) was found often on pectoral, pelvic, anal and tail fins and
occasionally on the body of host fish. Like mellenj the adults are oviparous arnthsltaneous
hermaphrodites, however they differ in that a¢tultliminutudeave their fish host to lay cocoons
individually or in small clusters on hard surfaces. It is unknown if copulation takes plaithem
the host or in the environment (or bothlEach cocoon of this species contains a single egg
(Burreson, 1975). Once hatched from ¢eoon juvenile leeches begin seeking out locations to
attempt attachment to host fish (see Fig. 2). In exhibits that had host fish removed, juvenile leeches
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were seen to repeatedly cluster in dense groups in the same locations which may have been given
preference by some element (or combination of elements) of the microenvironment in those
locations; i.e. water flow, lighting, etc.

Figure2. Life cycle of Heptacyclus diminutusAdult and juvenile leeches attach to fins and bodyasfous
northeast Pacific fishe#\j and feed on host blooddults prepare to reproduce and leave the host fish to lay
eggs in the environmer{B). Fertilized ggs are laid individually in cocoons on hard surfa¢€y. These
cocoons are very durable and firmly adhere to rockwork and glass of aquaria. Withig,thgusgnile leech
develops over a few weekB) before hatching, leaving the cocoon and crawling to find a suitable location to
attach to a host fis{E). JuvenileH. diminutusadhere to surfaces, often with only their posterior sucker disc,
leaving therest of their body to sway outstretched in the water colufinA juvenile leech survives longer

than three months waiting for the opportunity to attach to a host fish, and responds to variation in environmental
vibrations by flailing outward to improvehances of latching using its anterior sucker. Once attach to a host,
the juvenile leech feeds and grows until it is ready to attempt reproduction.

JuvenileH. diminutusareindependent of hostsr longer than the initial life stages of the
other maringparasites addressed in this study. Viable juvenile leeches were observed to persist in
exhibits for 120140 days after the removal of all host fish. Some of this time can be assumed to
have been spent with larval leeches still developing in egg cagsefiese hatching, however
identifiable individuals were observed on exhibit walls and rockwork for over 6 weeks before
succumbing to presumed starvation. This lonependencerould benefit wildH. diminutus as
juvenile leeches may have relatively fewpoptunities to attach to a host fish. Host fissobashow
varying degrees of petechl@morrhages along the fins and body wall indicative of blood feeding
sites and points of potential exposure to secondary infections (Burreson, 1979). Variatiohs in hos
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scale size and pattern, and fin and epithelial thickness and vascularization may impact attachment
and feeding strategies Bif diminutus

Clavella parva

Comparedio the number of possible life cycle stages seeotler parasitic copepods,
Clavella pavahas reléively few. Larger femaleattachto the fins (or gills, though this was not
an attachment site observed in this study) of a host fish, harbor a much smaller attached male, and
produce a pair of egg sacs from whitke swimminghauplii hatch dectly into the water column.
There is a single stage of nauplius that molts into the infective copepodid stage which is also
unusually singular. The copepodid attaches to the host fish with a frontal filament and undergoes
afinal moltinto a unique age referredtoasapsed ul t or fApupa, "' which t
metamorphosis into a reproductive adult (Kabata, 1982) (see Fig. 3).
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Figure 3: Life cycle of Clavella parva Adult female copepods attach to fins and gillsvafious northeast
Pacific fishes A) and feed on host tissueBhe comparatively large females grow paired egg arsind
harbor minute reproductive mal@3). Eggs are retained within the paired sac structuvbere they develop
before hatching freewimming nauplii into the water columD). Nauplii undergo a single molt into the
infective freeswimming copepodid stagg) which endeavors to attach to a host fish and undergo a final molt
intoapreadul pu p &)0Thd preadult then begins a continuous metamorphosis into a reproductive
adult.

AttachedC. parvafeed on host epithelial cells. Unliké diminutusandN. mellenj the
female copepods remain attached at the same point of fin tissue fotiteeyef their sub adult
and adult life. Points of attachment and host tissue fequbtentially exposehe host fishto
secondary infections, as seen in other parasitic copepods (Ahne, 1985, Mulcahy et al, 1990).
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Methods

Individual fish were collectedrom their exhibit and immediately tremt with a
temperaturanatched 3minute immersion in freshwater (0 ppt). This technique has been used at
PDZA historically as a way to manage external parasite infections, as the resultant osmotic shock
incapacitate and dislodges many monogeneans and hirudineans from the skin and fins of host
fish. Host fish are able to better tolerate the osmotic change for the bath duration than targeted
ectoparasites The freshwater immersion was immediately followed bynairdute recovery bath
in exhibit matched saltwater (Z2 ppt).

Immersions resulted in incomplete removal
ectoparasites, and were coupled with manual rehmmoyer
the course of both baths, during which tihast fish specie
were identified and total length to the nearest wh
centimeter was noted. Manual removal of parasites foct
on copepods that would not detach under freshw:
treatments, and secondary efforts were applied to ma
removal of leecks and monogeneansWater from both
containers was filtered through 150 um mesh after each
was processed, and filtered material was collected
observed under 20x magnification where parasites
identified and counted for each individual fishtlinderwent
treatment.

Samples of parasites that were kept for countin
later times were moved into vials of-88% ethanol (EtOH).
This was done most often due to lack of available fti
following fish processing for parasite counting. There
much to do with a new aquarium to build, after all. Figure 4 The combined sample of
majority ofthe parasites collected an

Mean abundance for each of the three parasite sp| counted for this study preserved
was tested for significant differences in consideration of | 95% ethanol. The volume of parasit
fish species, host size rangesdahost exhibit. This wa¢ roudhly equates to 70 mLs. Thi

. . sample represents two years
accomplished via bootstrap ANOVA tests for me . myjative efforts and currently act
abundances (Reiczigel et al, 2019), and each test was r{ as a paperweight and conversati
13,905 resampled points of the data. Abundance was cli starter on the authos 6 d e s k
to express parasite quantity in this study as a single value
representing both prevalence and intensity, and provides probabilities of observable infection
levels in similar situations (ex. the probable leveNofmelleniinfection you could anticipate
observing when randomly pullifg. melanopfrom an exhibit likehose found in the NPA).

Results

Within this study 23 species (7 families) of fish were sampled with a total sample size of
232 individuals. The total counts of each parasite species observed wereNL.1n&€lten) 1,866
H. diminutus 233 C. parva 1 Microcotyle sebastjsand1 Caligus clemengiFig. 4. Voucher
specimens oN. mellenj H. diminutus andC. parvawere deposited in the Harold W. Manter
Laboratory of Parasitology (HWML) in Lincoln, Nebraska, U.S.A. (HWML 110951, 110952,
110953).
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An alphaof <0.10 was chosen to represent statistical significdRéesa et al, 2000).
Mean abundance variation was found to be statistically significaht fmellenbetween host fish
species (p=0.00036) and host exhibit (p=0.05946)Hodiminutusbetween host fish species
(p=0.00036) and host fish size classes (within 2 cm, p=0.06048), atd parvabetween host
fish species (p=0.09033) and host exhibits (p=0.08637). Mean abundance variation was found to
not be statistically significarior N. melleniandC. parvabetween host fish size classes (within 2
cm, p=0.33736 and p=0.29694 respectively) andHfatiminutusbetween host exhibits
(p=0.18677) (Fig5).

N. mellenirepresents 84.9% of the individu?
parasites observed in this study. The host spedies| 2/Pha<0.10 | Species| Exhibit
the lowest prevalence was Puget Sound rockfish, ,
Sebastes emphaeuat 12.5%. Six species had an - melleni 10.00036
average abundance of more than 50 individNal| 4 diminutus! 0.00036
melleniper host fish, and in descending order of mean
abundance weres. ruberrimus S. diploproa S. C.parva | 0.09033
flavidus S. caurinusS. melanopsandS. nebulosus
(see Appendix 2) Of the 14 exhibits sampledy. | Figure 5 Resultant alpha values followin
melleniwas found in 11 of then(see Appendix 3) P0OtStrap ANOVA tests comparing mes

I abundance of three parasites species age
Four of the exhibits had and average abundanc({ ihree varying factors of their host fish.
more than 69N. melleniper fish, and in descendini,
order of mean abundance were NPA19, NPA4, NPA9
and NPC.

Size class

0.05947

0.06048

Heptacyclusliminutusrepresents 13.5% of the individual parasites observed in this study.
The four fish species found not to harlddr diminutuswere E. bison H. lagocephalusS.
diploproa, andS. emphaeus Six species had an average abundance of more than 9 indiidual
diminutus per host fish, and in descending order of mean abundance Qveséongatus S.
ruberrimus, S. auriculatus H. decagrammusS. nigrocinctus and hybridSebastesmp. (see
Appendix 2)Of the host size classes sampled, 5 size classes displayed average abundances at or
above 1ZH. diminutusper host fish; they were comprised of fish measured withida%dm TL,
and above 58 cm Tl(see Appendix 4)

C. parvarepresents jusl.6% of the individual parasites observed in this studiythe 23
species sampled, 10 were hdststhis copepod. Of th€. parvafound across all individual hosts,
98.7% were found in 7 species $bastesockfish that in descending order of medmumrdance
wereS. melanopsS. flavidusS. maliger S. nigrocinctusS. ruberrimusS. nebulosysand hybrid
Sebastesp. (see Appendix 2Df the 14 exhibits sample@.. parvawas found in 4 of them, and
in descending order of abundance were NPA9, NPA13, NPA10 and(BEECAppendix 3)

Discussion

This study was conducted on established exhibits and random stocking of fishes and
invertebrates would have resulted in eventualupatn shifts through competition, aggression
and predation between display spedhessuch, the decision was made to analyze host fish species,
exhibit, and host fish size claas variablesndependent of each other against mean abundance of
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each majormparasite species to determine where statistically significant variation, extste
acknowledging and identifying functionally incomplete independence between those variables

Exhibits and host sizas variables within this studyannot be considered have been
completely independemtf one anotheas increased exhibit size generally equated to larger fish
displayedwithin them This is especially interesting when considering that statistically significant
variation between exhibits wabservedor mean abundances Nf melleniandC. parva but not
for H. diminutus The opposite was found to be true when testing mean abundances of parasites
between fish size classes, witlemean abundanad H. diminutugdisplaying the only statistically
significant variation in that line of tests.

Exhibit and host size cannot be considered to have been completely independent of host
species, as species with smaller maximum adult sizes were generally displayed in smaller exhibits
(ex. S. emphaeuattained a mamum adult size of 22 cm in this study, and were displayed in
exhibits that were between 271 L and 1974 L). Itis possible that the results of this study may have
been different were species of varying sizes displayed randomly among all of the NPAsgexhibit
allowing for smaller species to receive equal chance of parasite infastanger tank mates.

Host Fish Species asvariable

Host fish species showedignificantvariation for mean abundance of each of the three
major parasites observed in this dstu(see Appendix 2). This aligns well with anecdotal
observations made by aquarists at PDZA. The fish species with the least cumulative mean
abundances in this study was the Puget Sound rocEigtmphaeuysvhere of 8 individual host
fish that werescreened for parasites, only one individhamelleniwas found.Also notably low
in parasite abundance wee stellatus S. diaconusS. miniatusE. bison S. pinnigerand H.
lagocephalus Of theseP. stellatus, S. miniaty$. pinniger andH. lagocephalushad multiple
representatives housed within systems of relatively high parasite abundance among tank mates.

The host species with the greatest cumulative mean abundances in this stuBly was
ruberrimus which also had the individual representathost fish with the greatest numbembf
melleni(1,118 monogeneans, with an average of nearly 24 monogeneans per centimeter host TL).
Other fish with notably high parasite abundance v@&rdiploproaS. flavidus O. elongatuss.
caurinus S. melanog S. nebulosysS. auriculatusand hybridSebastespp. Of these, all except
S. diploproahad multiple representatives housed within systems of relatively high parasite
abundance among tank mates.

Ophiodonelongatushad the greatest mean abundancélofliminutusamong host fish
species at 104.3 per fish, which was more than double the next greatest mean ab@dance (
ruberrimus at 47.5H. diminutusper host fish).S. melanopandsS. flaviduseach had a relatively
high mean abundance ©f parva with 2.9 and 2.8 copepods per host fish respectively.

While not observed in this study, Burreson (1977) repdetdaisonto hostH. diminutus
Kabata (1970) reporte8. diploproato hostC. parvg and Margolis and Kabata (1988) reported
E. lateralisandS. pinnigerto hostC. parva This may suggest that factors other than host fish
species affected these parasitest interactions observed within the sampled exhibits.
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Exhibits as &/ariable

Exhibits showed significant variation for mean abundand¢ afielleniandC. parva The
exhibits with greatest combined mean abundanchis ofelleniandC. parvawere (in descending
order) NPA19, NPA4, NPA9, NPC, NPA10, and NPAIhe exhibits with the least combined
mean abundances of the same two parasites were (in ascending order) NPA1, NPA18, NPA20,
NPA17, NPA14, SPH and NPA3 (sEig. 6 andAppendix 3).

Mean Abundance of N. melfeni by Exhibit
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Figure6. Mean abundance ®f. melleniandC. parvaby exhibit.

NPA19 was a holding tank that housed th&enebulosyswhich displayed a relatively
high mean abundance Nt melleni(297.7), when compared to the same value from the 14 other
S. nebulosum this study (5.7). This may have been due to some factor associated with NPA19,
rather than any potential innate susceptibilittsohebulosut N. melleni

NPA4 housed a juvenil8. pinnigewith no observed parasites and a juveSiléiploproa
infected with 31N. mellenj which may highlight the relative susceptibility ®f diploproato N.
mellenior perhaps just the susceptibility of this individual animal, as there were no other examples
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of S. diploproao use for comparison. It also causled inean abundance of that exhibit to appear
relatively high, without having a greater number of host fishotergially offset the average and
likely creating an outlier within the data.

While the mean abundances fdr diminutusbetween exhibits were hdound to be
statistically significant in variation, the exhibits these leeches were found in were (in descending
order) NPC, NPA2, NPA9, NPA13, NPA19 and NPA17. This overlaps well with the relatively
high abundances dfl. melleniand C. parvain NPC, NFA9, NPA13 and NPA19vhich may
highlight some of these exhibits as having characteristics more likely to encourage success of the
ectoparasites found in this study

Host Fish Size Class ad/ariable

While total lengtls of host fish were noted to the nestrevhole centimeter, individuals
were later organized into size classes of 2 cm, ranging from 10 to 64 cm. A few of the larger fish
(8 individuals) were placed into a single group that ranged from 89 to 163 cm. This was done in
order to increase the nueabof representatives within groups to better allow for statistical
comparison between them.

Heptacyclusdiminutuswas the only parasite in this study found to have statistically
significant differences between the mean abundances for the size classesdbfsee Fig. 7 and
Appendix 3). The greatest mean abundance @8diminutusper host fish) was found in fish 89
cm to 163 cm TL, however 91.8% of the leeches found in that size range were associated with
three O. elongatus, which may reflect hosicsps preference rather than host size preference. By
comparison, the second highest mean abundance 2 dibninutusper host fish) was found in
host fish ranging 489 cm TL, a size class comprised of 7 different species.

The next five greatest meabumdances were found (in descending order) within groups
that were 4647 cm, 4445 cm, 5859 cm, 4243 cm, and 389 cm TL. There were no leeches
seen on host fish below 20 cm, and mean abundance was <1 on host fish between the sizes of 20
21 cmand 31cm TL.

Neobenedenimellenihas been observed to display increased prevalence correlated with
increased host fish length when infecting Red Snajhpggnus erythropterugRavi and Yahaya,
2016). C. parvawas noted to only infe@ebastes serranoidédsat were less than 10 cm emnigth
(Love et al, 1984). Similar trends may become apparent should more abundance observations be
made across the different size classes of individual species of host fish included in this study.

Possibldnteractions

In situations where more than one parasite of the same or different species inhabits a host,
there is the potential for interactions between parasites and/or between parasites and host to be
affected (Buchmann et al, 2002, Gotelli et al, 2002, Kotob 204k, Morand et al, 1999, Morand
et al, 2002, Poulin, 2013, Salgabtaldonado et al, 2016, Zolovs et al, 2015) (see Fig. 4). Parasites
may display direct or indirect competition for resources such as preferred attachment sites or target
feed tissues,or they may benefit other parasites such as by weakening host immune system or

Drum and Croake®1 (2020) 24



Mean Abundance of H. diminutus by
Host Size Class
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Figure7. Mean abundance &f. diminutusby host size class.

modifying host behaviorN. melleniwas observed to inhabit more of the host body surface than

fins andH. diminutusandC. parvainhabit fins over other potential sites of attachment and feeding,

and such apparent preferences may be due to interspecies competition among the parasites and the
physical abilities of each parasite to attach to its host (GonZ&é5). N. melleniis the most
abundant parasite observed among the fish in
ability to compete for resources, the surface area available for them to inhabit, their method(s) of
reproduction, their feedingrategies or some combination of the above.

Similarly, host fish social and feeding behavior may affeadtibn opportunity. Social
interaction betweegonspecifics mayorce or allowtank matego inhabitareas of exhibits that
allow for more contact with infective stages of parasites, while potentially also increasing stress
and reducing immune response.

A polyopisthocotylean monogeneadjcrocotyle sebastiswas found to infect the gill
tissue of somaumber of the fish tested in this study. While only observed once in the freshwater
dip treatments, dozens to hundreddvbfsebastisvere consistently found in debris rinsed from
filter socks and siphoned from the bottom of quarantine tanks afterfpustreours of exposure of
host fish to 2 mg/L of Praziquantel. Ideally this species would have been included in this study,
however quarantine treatments were carried out on groups of multiple species of fish
simultaneously for logistical (not to mentiéinancial) reasons, making it impossible to observe
which individual fish were definite hosts to this monogenddnsebastidias been noted to have
significant impacts on cultured rockfish (Kim et al, 1998, Chun, 2002), making its presence worthy
of consderation when addressing potential parasite interactions on individual hosts.
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A caligid copepod, Caligus
clemensiwas found on one representati\
of S. maligerfrom this study. The author:
have observed this parasite infectir Environment
Aulorhynchus  flavidus (tubesnout),
Gasterosteus aculeatystickleback), and
Clupea pallasii(Pacific herring). These
fish are collected from sea grass or acquil
from net pens in Puget Sound for display
PDZA. C. clemensalso notably infects nei
pen salmon and other Pug8bund fish 5 -
(Kabata, 1988). Th&. maligerharboring Parasites Host fish
C. clemensi was housed with 3S.
nebulosuswhich had been acquired fror
net pens approximately six weeks befo
they were put through the freshwater di
included in this study. It is possible th:
this copepod came into PDZA on one of tl

S. nebulosusand transferred to thé. Diseases
maliger once they were put on displa
together.

Other parasites historically note
on tdeosts in these exhibits that were n

seen during this study include at least o _, - : : :
. fGvrodactvlusmonodenean. at Figure 8. Potential interactions affecting parasite a
Species oly Yy g ! disease burden upon host fish. Environmental stres|

least one species dfichodinaciliate, and | and various bitic interactions centered on the host fi

an unidentified turbellarian. An| all work towards balance. When imbalances occur 1

unidentified digenean has been observed| are not corrected, parasite and disease burden

the intestiml tract ofSebastesockfish, and | ovérwhelm the immune responses of host fish
. L . negative consequence.

a morphologically similar species has be

observed within the digestive tract©f elongatusAgain, each of these may have had some level

of interaction with the three parasite sped@sisedonin this study M. sebatisand each other

where multiple infections were occurring (Morand et al., 1999, Morand et al., 2002, Gotelli and

Rhode, 2002, Kotob et al., 2016).

Other diseases (viral, bacterial, protozoal, and fungal) may also have played an indirect
role in parasite populations within the exhibits of this study. While potentially benefiting from
increased access to susceptible fish tissues created by ectepathsie infections could have
affected host immune responsH. diminutushas been shown toe an important vector for the
kinetoplastid,Trypanosoma beckein Scorpaenichthys marmoratgsabezon)Burreson, 1979).

It also cannot be ruled out that elises may have competed with one another within hosts, or
competed with parasites for available host resources. These pathogens may have acted as primary
infections In certain situationspotentially suppressing immune response allbwing
ectoparasitethe opportunity to infect individual hosts to a degree they otherwise might not have
(Ezenwa et al., 2016(see Fig. 8)
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Environmental factors also may have had impacts on parasite populations (Poulin, 2006),
and the exhibit parameters were heavily infltesh by incoming seawater. The North Pacific
Aquarium lacked temperature control and filtration consisted entirely of rapid sand filters.
Constant turnover of natural seawater was the only option for maintaining survivable conditions
for the collection. Seasonal variations in temperature and salinity likely contributed to regular,
visible increases in parasite populations through affecting physiological processes of the parasites,
the hosts or both. Secondary infections may have also varied in pattigganross varied
environmenthconditions. Unsterilized seeter as the primary source of water may have also
provided an opportunity for seasonal blooms of pathogens and parasites to enter the aquarium.

UntestedCohabitants

Within the mixed species splays of the NPA, a variety of taxa were exhibited along with
thefishes in this study. They were not included here largely due to physiological and biological
differences and sensitivities.

None of the displayed invertebrates were put through freshwater dips. The ectoparasites
of the fisheghis study focused on belong to groups known to display direct life cycles, and thus
would not naturally infect crustaceans, mollusks, cnidarians, dmdoglerms from these systems.

It is noteworthy that any of these groups of animals may act as temporary vectors for the previously

described parasitesd infective stages without
cycles. OneH. diminutis was observed attached to the outer surfaceGifyptochiton stelleri
(gumboot chiton, or the painfully illegitimat:

sucker with the rest of the leech swaying in the water and flailing towardegdist, which
suggests the leech was treating the chiton as though it were merely part of the display rockwork.

None of the displayed elasmobranch fishes were put through freshwater dips, based on
concerns over how thesnay have responded to the treatmeC. parvawas never visually
observed to infect these taxa within the NP2qualus acanthia&piny dogfish andHydrolagus
colliei (spotted ratfishwere put throughnaziquantetreatmentd¢o determine if they harbore.
mellenior M. sebastis TheS. acanthiasvere found to carry a hespecific polyopisthocotylean,
identified asSqualonchocotyle squalH. collieiwere observed to harbbi. diminutuswithin their
nares and buccal cavitywltiple times though it is unclear if the éehes were successfully
parasitizing these animaldd. colliei should be considered a potential sourcédotiminutus
infection for known host species.

Teleost fish species that were present in the NPA systems, but not included in this study
include Phdis gunnellus (rock gunnel), Chirolophis decoratus(decorated warbonnet),
Anoplarchus purpurescenghigh cockscomb) Rhamphocottus richardsonifgrunt sculpin),
Nautichthys oculofasciatugsailfin sculpin), Chitonotus pugetensigroughback sculpin),
Oligooottus maculosus(tidepool sculpin), Gasterosteus aculeatuéstickleback), Gobiesox
maeandricugnorthern clingfish)and Cymatogaster aggregat@hiner perch). These fish were
omitted from the study due to restrictions on resources and scope, howsysrssible that any
of them may act as potential hosts or vectors for the parasites listed in this study.
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Possible Points of Impact on Results

Ectoparasite censuses taken during this study may have been impacted by physical
dislodgingprior to samplingdue to collection and handling, incomplete parasite removal during
baths, and change in exhibit populations over time. While it is almost certain that these had effects
on the outcome of measured parasite burden on individual fish, the basis of this staded in
the idea that applying the same methods and protocols on every individual fish across random
sampling would result in the same effects occurring with proportional impact across the study,
allowing the determination of relative averages afapaes sampled from similar categories of
hosts. Because of this, it should be noted that the specific values and results of this paper (ex.
mean abundance bI. melleniobservedn S. melanopsias 64.60 worms/fighare only useful as
relative quantifictions within this data set, but that broad resultsexmellenidisplays a greater
mean abundance with melanopsverS. pinnigejy may be applicable in other, similar situations.

Shvydka et al. (2017) stated that accurate and presiseates of the mean abundance of
parasites in fish require a host group of at least 80 individuals. The only group of hosts that meets
that standard from this study were the 126 fish pooled together from the NPC exhibit. They go on
to say that samplezes of 25 to 40 had medians with little bias but distributions skewed low, and
sample sizes of 10 or less (such as the majority of sample groups utilized in this study) as giving
unreliable results. Larger sample sizes will always increase the accathsgiantific value of a
study, which was why effort was put towards collecting data from the majority of individual fish
pulled from NPA exhibits. Further studies comparable to this one would provide valuable data to
supplement and expand on what is présd here.

Most ecological parasitology is conducted utilizing deceased hosts that researchers can
spend time with to ensure that accurate counts of parasite populations can be achieved. Attempting
the same level of accuracy wiliwing animals intendedor display increases ethical concerns,
complexity and resource requirements beyond the capabilities of many public aquariums. It was
decided that consistency in sampling a large number of host fish would be the best route to take
advantage of a rare gétion and gather relative parasite preference information while maintaining
a high level of welfare for the entirety of the collection.

This approach eliminated the potential for reliable consideration of host fish gender, which
has been shown to impdafection parameters in some parasitest relationships (Pickering and
Christie, 1980, Reimchen and Nosel, 2001).

Possible Avenues of Further Research

Sampling public aquarium exhibits for parasites is a regular part of modern husbandry
practices throgh visual observation, skin scrapes, gill clips, fin clips, necropsy, etc. By
standardizing sampling techniques, it would be possible to begin to develop and record preference
profiles of generalist parasites commonly seen in these exhibits based dtatjuamtata. This
would be invaluable within the facility it was gathered (where husbandry and medical
professionals could utilize trends in the data to better manage aquatic exhibits), and potentially
useful within the industry should the trends proweilar across any subset of the wide variety of
displays found in public aquari&esults would also allow forpphylactic quarantine treatments
to be better tailored towards specifjoups ofdisplayanimak based on these observations.
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Appendices
Appendix1. General descriptions of NPA exhibits sampled for this study.
Exhibit | Volume (L) Shape Heterospecifics Description
NPC 516800 Octodecagon | Chondrichthyans, echinodermg Flow through exhibit, sand
cnidarians filters, sourcewvater for other
exhibits
NPA1 271 Cylinder faced Cnidarians, crustaceans, Rocky subtidal
rectangular box mollusks
NPA2 3344 Rectangular Cnidarians, crustaceans, Rock wall, subtidal
box mollusks
NPA3 2972 Rectangular Crustaceans, echinoderms Sandy, fer pilings
box
NPA4 114 Rectangular Crustaceans, echinoderms Intertidal
box
NPA9 895 Cylinder w/ flat Crustaceans, cnidarians, Rocky subtidal
face echinoderms
NPA10 4687 Rectangular Cnidarians, echinoderms Rocky subtidal
box
NPA13 4513 Rectangular Cnidarians, crustaceans, Rocky intertidal
box echinoderms, mollusks
NPA14 406 Rectangular Cnidarians, crustaceans Subtidal
box
NPA17 1218 Rectangular Cnidarians, echinoderms, Deep reef
box crustaceans
NPA18 222 Rectangular Cnidarians, arstaceans, Subtidal
box echinoderms
NPA19 283 Cylinder None Holding
NPA20 1974 Cylinder Cnidarians, crustaceans, Rock wall, subtidal
mollusks
SPH 1794 Rectangular Crustaceans, echinoderms Holding
box
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Appendix2. Mean parasite abundance observed with groups of host fish species.

Host n | N. melleni | H. diminutus | C. parva
Acipenser transmontanus 2 12.00 4.00 0
Anarrhichthys ocellatus 3 2.00 6.67 0
Embiotoca lateralis 8 3.38 1.63 0
Enophrys bison 1 6.00 0 0
Hemilepidotus hemilepidotug 2 6.00 8.00 0
Hexagrammos decagrammg 3 20.33 10.00 0
Hexagrammos lagocephalug 5 8.00 0 0.20
Ophiodon elongatus 3 0.33 104.33 0
Platichthys stellatus 10 1.70 0.60 0
Sebastes auriculatus 8 31.13 24.75 0.13
Sebastesaurinus 30 91.87 7.60 0.03
Sebastes diaconus 1 2.00 2.00 0
Sebastes diploproa 1 310.00 0 0
Sebastes emphaeus 8 0.13 0 0
Sebastes flavidus 9 109.78 3.11 2.78
Sebastes maliger 23 32.52 7.83 1.87
Sebastes melanops 40 64.60 7.85 2.90
Sebasteminiatus 5 1.40 3.60 0
Sebastes nebulosus 18 54.39 1.89 1.00
Sebastes nigrocinctus 7 28.14 9.71 1.43
Sebastes pinniger 24 4.96 1.58 0
Sebastes ruberrimus 4 491.25 47.50 1.25
Sebastespp. 17 41.47 9.53 0.77

Appendix3. Mean parasite abundanceNfmelleniandC.
parva observedvithin exhibits.

Exhibit n | N. melleni| C. parva
NPC 126 65.67 0.69
NPA1 4 0 0
NPA2 4 9.50 0
NPA3 4 3.25 0
NPA4 2 155.00 0
NPA9 17 66.59 2.35
NPA10 21 24.67 0.91
NPA13 24 16.63 3.54
NPA14 1 1.00 0
NPA17 9 0.22 0
NPA18 2 0 0
NPA19 3 297.67 0
NPA20 2 0 0
SPH 10 2.70 0
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Appendix4. Mean abundance ¢f. diminutusobserved
within host fish class sizes.

Size (cm) n H. diminutus
11to0 13 2 0
14to0 15 2 0
16 to 17 3 0
18 t019 3 0
20to 21 4 0.25
22 to 23 6 3.33
24 t0 25 9 2.67
26 to 27 9 2.00
28 to 29 8 1.75
30to 31 8 0.75
32t033 12 1.33
34to 35 17 1.71
36 to 37 16 4.13
38to 39 21 7.91
40to 41 9 4.56
421t043 16 8.38
44 to 45 25 12.12
46 to 47 17 13.53
48 to 49 11 27.00
50to 51 10 6.20
52 to 53 7 4.43
54 to 55 4 6.25
58 to 59 3 12.00
64 and up 9 38.11
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AThe ocean is a wil derewdderghar acBangdljunglg,anr@r ound t h
fuller of monsters. o
-Henry David Thoreau

Introduction

Perhaps no metazoan parasite is so widely known to aquarists working in public aquaria
and zoos alleobenedenia melle(onogenea: Capsalidae)s ectoparasites go, this species has
been a scourge to those keeping marine fishes in captivity since it was originally described from
the New York Aquarium in 1927 (MacCallum). While widely known, the species is also routinely
misconstrued in public aqua, with misidentifications being common. Many aquarists will
erroneously declare any capsalid monogene tblé@benedenjaregardless of host identity or
identifying features. While there is some scientific confusion between the synonymy (or lack
thereof) of N. mellenivs. N. girellae(or even a broader species complex); the characteristi¢s of
mellenj while subtle, are all too often overlooked by aquarists, leading to some confusion as to
the extent of hosts that are susceptible to infection.

Thereputation ofN. melleniin aquariums and mariculture has been well deserved, owing
to its high fecundity and, most importantly, lack of host specificity. Most metazoan parasite
species display some degree of host specificity, often to extreme examiplesaeh life stage
only occurring within a single species. These patterns of host specificity can help us to predict
outbreaks in captive environments, as well as manage the quarantine and prophylaxis of animals
according to the complement of parasitesythre likely to host. However, parasites suchlas
mellenithat will infect a wide array of species defy these norms and their ubiquity demand blanket
surveillance and prophylactic treatment when constructing quarantine regimens.

History and Original D escription

Neobenedenimelleniwas originally described &pibdella mellenin 1927 (MacCallum)
possibly from the eye of a spadefi§ihaetodipterus fabeat the New York Aquarium. The suffix
-bdella in the name harkens back td't&ntury when Linnaeus grouped the flatworms with the
|l eeches in phylum #@AVer mes 0" cenafy.o Atethe tinheeofits we r e
description the specieswouldvhe@ been cl assi fied as a émonogen
fact t hat the Trematoda and the Monogenea Ww
veterinarians still erroneously refer to monogenes as trematodes.
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Figure 1.Original plate from Mac@llum (1927) on the description Neobenedenia mellenDescriptions of eggs

are given in the bottom left corner as well as anatomical features identified, both would be covered in much greater

detail by Jahn and Kuhn in 1932. Note the round margimat t est es i n MacCall umés dr
appearance of the haptor having a pronounced O6skirtod,
specimens and does not show the 14 marginal hooklets. These two points which would later bed aatutesse

corrected by Jahn and Kuhn (1932) and Whittington and Horton (1996). Image from the public domain.
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The species was originally discovered by (and named after) Ida Mellen, a biologist at the
aquarium who pioneered many early techniques in fish medicine, and was formally described in
partnership with George A. MacCallum in 1927. George MacCallum {184@ and William
George MacCallum (1872944), were a father and son pair of physicians who had a keen interest
in animal parasitology. The elder MacCallum was a noted physician of Canadian birth who took
up the position of pathologist with the New York Zmgical Society upon his retirement from the
faculty of Columbia University, and quickly became such a prolific author that the society
established a journafoopathologicg19161928), entirely for his descriptions of novel parasite
fauna from the animatlollections of the New York Aquarium and the New York Zoological Park
(now the Bronx Zoo). These writings described over 30 new parasite species, inslutieiden;
and contained redescriptions, taxonomic revisions, notes, host records, and datal@5 other
species. A fascinating history of some of this early American parasitology work is reviewed in
Platt (2017). It is also noteworthy that during this time period thetaldpy operations of the
New York Aquarium were overseen by Assistantebior Charles M. Breder (1894883) who
was a prolific author in the area of ichthyology, and later produced a monumental volume on
(appropriately enough given his surname) the reproduction of fishes (Breder and Rosen, 1966).

Ida Mellen (18771970) authaed a number of works, including a dozen scientific papers
and even some early volumes on the subject of home fishkeeping, indrislmag in the Home
(Mellen, 1931), and.001 Questions Answered about your Aquar{idellen and Lanier, 1948),
among many o#rs. In later life, she established herself as an expert on domestic cats and urban
gardening. She leftthe NY Aquarium in 1929 for reasons lost to history (Muka, 2014), but reading
the bulletins of the society from those years one gets a sense thatrkevas marginalized, and
that work of equal or lesser significance by male coworkers was greatly celebrated. We can only
speculate at the misogyny she must have endured in the ¢adgr20ry as one of the first female
marine scientists in a mateominated world. Later in life, she also published works of fiction
under the pseudonym Esmerelda de Mar. Her wazkapathologicgd1928) titledThe Treatment
of Fish Diseasess one of the earliest writings on veterinary medicine as applied to fishees, an
includes a summary of anecdotes and experimental data on chemotherapeutics from over 50
aquariums and fish hatcheries worldwide.

Epibdella mellencame to be renamdgenedenia meller{Price, 1939)and in 1963 was
renamed again by eminent parasitolo@atyu Yamaguti (1894976), and placed in the genus
Neobenedeniavith four other species. This represented the moedepth examination of the
anatomy and morphology until the redescription by Whittington and Horton in 1996. In addition
to his work wth this species, Yamaguti leaves behind perhaps the greatest legacy of any
parasitologist; his work spanned 60 papers but his books are monolithic in scope -tiodufive
Systema HelminthiurYamaguti, 1963) categorized the entire helminth parasite fatithe
world, and are still standard references today over ackaliury later.

Yet another set of characters in this story appear in théweidtieth century, and again
from a public aquarium. In 1953 R.J. Menzies forwarded some preserved flukésdraguarium
of the Scripps Institute for Oceanography to parasitologist William H. Hargis {2023) at
Florida State University for identification. At the time the aquarium was overseen by Curator Sam
Hinton (19172009), the Texas A&M educated zoolsig(and folk singer) perhaps most famous
for comnmptodssi hag Liong way famadmnAm@albil @exds gur e i n
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ownrightt { Edi t or s not e: Sam al so Hargesdeasailtedthehe Dr
worms as a new specid&gnedenia girellaglater Neobenedenia girellagamaguti, 1963) which

differed fromN. melleniby being larger in size, having minute differences in the reproductive
systems (junction of the vitelline reservoir and oviduct), and slight size differenceshartuli

(hooks) of the haptor (Hargis, 1955). This ignited a debate over winethreglleniandN. girellae

are actually one species, subspecies, or members of a species complex which continues, largely
unresolved, to the present day.

It is through thes connections, and the many others like them, that the worlds of
parasitology and public aquaria are inexorably linked. The propensityoélleniandN. girellae
to manifest themselves in aquarium outbreaks among a broad array of fish taxa havetleaisured
the biology of these species is largely defined by its presence in aquaria. In fact, well over 100 of
the 184 currently reported host records are from captive animals, as is discussed in greater detail
below.

A

Figure 2.From left to right: Ida M. Mellen (NY Aquarium), George A. MacCallum (Columbia U., NY Zoological
Society), Satyu Yamaguti (Okayama U., U. of Hawaii, Tulane U.), and William H. Hargis (Florida State U., Virginia
Institute of Marine Science). Images frombfic domain or used under Creative Commons LicenseS&£G.0/CC
BY-SA 4.0.

Modern Taxonomy: N. melleni, N. girellaeor Both?

With the description ofN. girellae in 1955 (Hargis) the lines between the capsalid
monogenes began to get blurred. The leaures between the two species were very subtle, and
both had very wide differences in morphology between geographic regions, and even within
localized populations. Just as later works would point out that some of the features in
Mac Cal | umod s 7 descripgan rofN| mellerd\ere skewed (Jahn and Kuhn, 1932;
Whittington and Horton, 1996), there wBre dis
girellae by Ogawa et al. (1995) that may have been a result of specimens being insufficiently
flattened when mounted.

This confusion has undoubtedly led to erroneous host records in the literature (i.e. host
fishes ofN. mellenibeing attributed tdN. girellaeand viceversa); but it gets even more confusing
as the original accounts from MacCallum eeauestionable as to which hosts even originally
carried the parasite! The species descriptidd.ahelleniattributes a Pacific tetraodontiform fish
as the type host (MaccCal | um, 1927) but Jahn
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curator notedhat no such fish was present at the time of collection and that the parasites likely
came from the Florida Keys, making the spadefidimetodipterus fabenr an angelfish species
of the gener&lolocanthusor Pomacanthusnore likely candidates to be thge host.

In 1995 and 1996 the confusion becomes greater when Ogawa et al. (1995) published a
revision of N. girellag followed by a revision of the entire gendgobenedenian 1996 by
Whittington and Horton which declar@d girellaea synonym of. nmelleniand no longer a valid
species. Some researchers in Asia rejected this grouping of the two species, and continued to
publish numerous works over the years using the nihmgirellae while other researchers
published works on both specieshagmellani.

In 2004 Whittington (who was responsible for lumping the two species together eight years
prior) published an extensive review of the Capsalidae, and proposed that the huge range of host
species foN. mellenj coupled with recent studies using molacunethods showed significant
differences among populations, which may indicate the existence of aNargellenispecies
complex. The presence of numerous cryptic species or subspecies within what was cddsidered
melleniwould explain the huge divaty of host fishes, and differences in morphology, fecundity,
and generation time among the various subpopulations (Whittington, 2004). Later that same year
Whittington et al. (2004) published a dataset examining rDNA and conclude. thretileniand
N. girellae were, in fact, different species after all. The following year Li et al. (2005) published
a contradictory opinion using different genetic methods suggesting they were actually a single
species. In light of these conflicting opinions many p&skxjists stopped assigning a species to
their study organisms, and simply referred to therN@sbenedenia spleading to even more
confusion.

The genome d. melleniwasmapped in 2014 (Zhang et al.), and most recently, Brazenor
et al. (2018) underbk another widganging genetic study reaffirmed that there are probably two
species after all, however, it is likely that most infections wuaiilde that have been reported as
N. melleniare actuallyN. girellae At present, however, there is no practical way to distinguish
these species based on morphology, posing a challenge to the clinician and aquarist alike.
Additionally, a problem that has plagued researchers working on these two species is the lack of
voucher specimens that have been deposited in museum collections to support publications
(Whittington, 2004), and many older specimens were fixed in formalin (rather than alcohol)
destroying any genetic material within. As such, we may never be able dotsibit tangled mess
of which parasites actually belong to which hosts in the hundreds of studies published on the
subject.

Nominis Caveat Lector

While the taxonomic debate is an interesting part of the biology of this species, for the
purposes of thipaper, we will hereafter refer to the capsalid organism in questiNin ragllenj
with the full knowledge that many of the worms we have encountered, and will encounter in
aquarium outbreaks may k. melleni, N. girellae,or both. With the exception dahe
comprehensive list of hosts below, where the authors present fish hosts listed for both species and
indicate which is which, the rest of this work will refe™Nomelleniwith the understanding that it
is tentative, and the reader should interpretth n a me Neobenedersanct. melleor
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possiblyN. cf. girella® unt i | the controversy is better r

are practical to a clinical or aquarium setting are established.

In this review we are most concernedwilhe biology of these species as it relates to its
potential for amplification in closed systems and the control and treatment. After all, the life
history and treatment in aquaria is so similar the species distinction is less important to the average
aquarist; however, it is interesting to ponder that perhaps the variance in efficacy of treatment
methodologies in different aquaria may be in part due to the presence of different organisms within
the greateN. mellenispecies complex.

A Primer on Monogene Taxonomy

Many aquarists know a few monogenes grouped most broadly, but in the interest of a
complete picture of the place of gemdsobenedenian the family Capsalidae, and Capsalidae
within the class Monogenea a cursory view of the overall taxonompyesented here. Most
importantly to note is that the class Monogenea is distinct from the class Trematoda, though
confusion still exists and many experienced aquarists and veterinarians still refer to monogenes as
Atrematodes o, d e s taxonomy, lifehcgclesd ecfovls. eendeparasdism, anah
pathogenicity.

Monopisthocotylea Polyopisthocotylea
A T
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Figure 3. Basic body plans and taxonomic groupings of the Monogenea. Within the Monopisthocotylea: (A)
capsalid monogenes, marine species, very large (>1mm), with a round haptor usually armed with hooks. (B)
gyrodactylids, freshwater and marine, usually smatteany spp. prefer gills as infection site. Very prominent
haptor armed with multiple hooks. The gyrodactylids are-igaring species, and juvenile larvae (hooks and

all) are usually visible developing within the body of adults. (C) dactylogyridshvirater and marine spp.,
smaller worms with many species preferring gills as infection sites. Egg laying, usually with prominent eyespots,
often arranged in a square pattern in marine spp. (D) microbothriids, minimized sucker with no hooks, most
speciedioadhere to hosts. Mostly marine, some species very large (>1mm). The Polyopisthocotylea, (E) differ
greatly in that they have multiple suckers with which to adhere to their hosts, these are encountered less frequently
in aquaria but still may be prolietic when encountered. Images adapted from Jahn and Kuhn (1932), Yamaguti
(1963), Schell (1970), and Benz (1987).

The Monogenea (phylum Platyhelminthes) is subdivided into two subclasses: the
Monopisthocotylea and the Polyopisthocotylea. Identificatietween these two groups is simple,
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there is one haptor (sucker) at the posterior end of the worm in the monopisthocotyleans and
polyopisthocotyleans have multiple suckers. Polyopisthocotyleans are less common in aquaria,
but some common genera suchEpocotyle, Hexabothrium, or Squalonchocotyle occur on
species commonly kept in captivity. The monopisthocotyleans are subdivided into five orders,
four of which are common in aquariuntie GyrodactylideaDactylogyridea, Monocotylidea and
Capsalidea (igure 3).

Differentiation of Common Capsalid Genera

There are over 60 genera in the family Capsalidae alone, each with numerous species, so
identification of worms to species can present challenges for the aquarist or veterinarian. In
general, a much smaller subset of monogenes are regularly encountagediia, and the fact
that most species exhibit a high degree of spespesificity in their host infection patterns allows
for presumptive identification in many cases. Apart fildeobenedeniapp. the capsalid species
the aquarist is most likely to eounter isBenedeniella posterocolpahich is at first glance very
similar toNeobenedenidut only occurs on elasmobrancBenedeniapp. are also very common
on carangid fishes and others, &&hedenia seriolas a serious pathogen in the marictdtof
Seriolaspp. In general, the genNeobenedeniaan be differentiated from others by the absence
of a vagina at the urogenital opening (Whittington and Horton, 1996pbenedeniaan also be
differentiated fromBenedenias the anterior suckers thie former are concave and convex in the
latter (Kinami et al., 2005). See Figure 9 for photomicrographs of some of these features.

Traditionally some key features used to differentidtamelleniare the anterior suckers
being circular and not bipamit anterior hamuli being recurved, robust, and-semated (Bullard
et al., 2000), along with the path of the tendons connecting the haptor, n=14 marginal hooklets on
the haptor, the shape and position of the testes, and the morphology of the reprodhotsiye
notably the presence of the prostatic reservoir and penis within the cirrus sac (Whittington and
Horton, 1996). Whittington and Horton (1996) also note that the presence or absence of a vagina
is usually easier to see in living worms, rather tthase that have been fixed or stained. However,
with the similarities betweeN. melleniandN. girellaeand the current controversy over taxonomy
there are not currently any definitive morphological features that can be used to conclusively
differentiak one species from the other in an aquarium setting.

Biology and Ecology

Neobenedeniprobably has a worldwide distributiod, mellenis a species whose biology
has been largely defined by its presence in captivity, but reports of Mithezllenior N. girellae
in the wild have come from the Caribbean, Gulf of Mexico, western Atlantic, Eastern Pacific,
Indo-Pacific, Australia, Hawaii, and the Red Sea (Jahn and Kuhn, 1932; Hargis, 1955; Kaneko et
al., 1988; Colorni, 1994; Whittington and Horton, 1986llard et al., 2000; Deveney et al., 2001).

Since the initial finding in 192N. mellenirapidly established itself in captivity and
exhibited little to no preference in fish hosts. Over 40 host fishes were known by 1940 (Yamaguti,
1963), and just §ears after the initial description outbreaks had occurred at the Shedd Aquarium
and Philadelphia Aquarium infecting fish hosts in over 17 different families (Jahn and Kuhn 1932).
A current review of the literature for bolleobenedeniapecies in questioputs the total number
of documented hosts at 184 fishes of 52 families (Bd&L).
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Neobenedenifas a relatively simple life cycle compared to other platyhelminth parasite
groups (i.e. the Trematoda & Cestoda) which allows it to take advantage cafntaener effect
and successfully reproduce in captivity. In addition to aquariums, the species has been problematic
in aquaculture, especially in higtensity seaage farming operations, where it has been
introduced and caused mass mortality in seyeeb of the world (Kaneko et al., 1988; Deveney
et al.,, 2001). In fact, the original outbreak in Australia was responsible for the deaths of over
200,000 barramundLates calcarifey in just two weeks (Deveney, et al., 2001). It would seem
that this @rasite occurs naturally in very low numbers in reef and-sigane fish populations,
especially among certain host f i-sfected) skcmaswn t o
Florida pompanoJrachinotus carolinusand spadefisiChaetodipterus faer, and only becomes
problematic when unnatural conditions such as increased host density or being placed in a closed
system allow for amplification.

Adult

Ua Oncomiracidium Juvenile
Ph (Larvae)

BTN TR
L el
: - ...c-" 4 H Fegs
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Mh "/—r\'\ Hp
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Figure 4 General anatomy dfeobenedenia melleandN. girellae,andlarval/juvenile stages. All figures oriented
anterior end (top) and posterior (bottom). Adult anatomical abbreviations as follows: As=accessory sucker,
Uo=urogenital opening, Ph=pharynx, Pe=penis, De=developing egg, Ut= utereus, Ov=ovary, Te=tesdes(paired
Hp=haptor (sucker), Sc=accessory sclerites, Ah=anterior hamuli, Ph= posterior hamuli, Mh=marginal hooklet,
Gi=gastrointestinal tract (bilateral and bifurcating). Figuredreavn and adapted from Jahn and Kuhn (1932) and
Yamaguti (1963).

Life Cycle

The life cycle of this parasite has been long known, and detailed descriptions of egg
production, larvae, and juvenile forms have existed for over 80 years (i.e. Jahn and Kuhn, 1932),
however only recently has key data on the fecundity and life history Ib@en emerging from
parasitologists working in Australia (i.e. Hoai and Hutson, 2014; Brazenor and Hutson, 2015),
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allowing construction of evidendeased treatment protocols for aquaculture (see
http://www.marineparasites.com/paratreatmentcal atml

Typical of monogenes, and unlike the trematotiesnellenihas a direct life cycle, where
intermediate hosts are not required for completion. As such, this characteristic combined with th
demonstrated lack of host specificity make this organism a dangerous pathogen for captive fishes.

Juvenile
(10d)

Eggs
n=3000+
(4-5d)

On Host or
in Substrate

Free-Swimming

e

-

45
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Figure 5 Life cycle ofNeobenedenia cf. melleandN. cf. girellae Approximate durations of life stages from
Brazenor and Hutson (2015) given asges at a salinity of 35ppt and temperatures ranging fro223%2 The
worm lives on the host up to 24d, being reproductively active from dagd Hiter infection. Eggs may adhere to
the host or fall to the bottom of the tank and develop on the bettimsubstrate. The oncomiracidia larvae emerge
from viable eggs within 3 hours of first light aftessd of egg development and are most viable fell 3R after
emergence but may persist for up to 24h (or 48h in cooler water). Parasite illustratdomsmeor adapted from
Jahn and Kuhn (1932) and Yamaguti (1968haetodipterusliustration from an 1836 plate by Cuvier, from the
public domain.

Chaetodipterus faber
(Common Host Species)

As mentioned above, the duration of the life cycle is highly dependent on the ambient
salinity and tempeture. As with any poikilothermic organism, one would expect warmer
temperatures to speed development and thus shorten life spans, however the effects of salinity
provide an interesting new dimension to the biologiomelleni Brazenor and Hutson (2B}
found that the period from first to last hatch of eggs at 35g/I salinity varied7#drah 22C to 4
8d at 32C, and that in general higher salinities increased infection success rates. Extrapolating
from these published data (Hoai and Hutson 2014; Brazenor and HutsonN2ob&nhedeniaan
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be shown to complete its life cycle in roughly19d in warmer water @C) and 2235d in cooler
water (22C). It is also worth noting that sefrtilization has been observed through at least 3
generations (Hoai and Hutson, 201ergo,a single worm may start an outbreak.

After infection, juvenile worms take about 10 days to mature and become viable, and adult
worms live 78 days in warmer waters and fslrength salinity (Hoai and Hutson, 2014), though
VallesVega et al. (2019) found faster developmenb@ from Neobendenia at 2430°C in
México. After maturity, adulNeobenedenia Australia have been observed to produce as many
as 3,229 37 eggs, which have a hatch rate of88%, and infection rate of 3%6% (Hoai and
Hutson, 2014), though hatch rates of 69252%have been observed in the Caribbean (Ellis and
Wantanabe, 1993); based on models of these data and observations from aquaria the authors would
place the infection rate in public aguariums much lower, at 1% or less (Christie, unpublished data).

Figure6. Photomicrographs of various life stages\#obenedenia cf. mellefiom living specimens. A. Eggs in a

cluster, a single adult worm may lay over 3000 egg capsules in as littleldsl 1B. Oncomiracidium, the infective

larval stage; photos of onedracidia are notoriously difficult as they are quite rapid swimmers. Note the cilia and
eyespots. C. Oncomiracidium metamorphosing into a juvenile. Note that the haptor is discernable now and eyespots
still present. D. Juvenile worm, the haptor wath hooks (2 sclerites, 4 hamuli, and 14 marginal hooklets) well
developed, and the larval eyespots are still present. E. Adult worms, witdevelbped haptors and visible paired

testes and ovaries. All photos taken at the Point Defiance Zoo anduxquzy J.W. Foster IV.
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Reproductive Modellingi The Perils of Exponential Population Growth

As with any rselected species, and particularly parasite species that are placed in unnatural
conditions such as captivity one can expect the container effect to play a significant role in the size
of the population. To a monogene that exhibits highrféity and low host specificity the captive
environment of the aquarium and abundance of potential hosts provides an optimal set of
circumstances to maximize the probability of explosive population growth. Given that recent
studies (e.g. Hoai and HutsorQ12l, Brazenor and Hutson, 2015) have begun to elucidate some
fundamental aspects of the reproductive biologM.ainelleniandN. girellaeit is now possible to
use data to make some assumptions about the potential for population growth and spread of
infection in a closed system. Using the basic inputs of life span, duration of larval development,
adult lifespan, egg incubation, infection rate, and fecundity a simple model to predict population
growth can be constructed uandploitedgaphally (Fig.9)of t E>»
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Figure 7. Neobenedenipopulation growth model from theoretical infection of n=1 worm through four
generations. Model uses fecundity and life history data from Hoai and Hutson (2014) and makes the
following assumptins: salinity = 35g/I, temperature =°2% fecundity (k) = 3227 eggs worrh egg

hatch rate = 78%, infection rate = 1%, juvenile development = 10d, adult lifespan = 10d. F2 parasite
generation shown in red, F3 generation shown in green, F4 generatiamistdue. Successive peaks
indicate numbers of eggs, oncomiracidia, juveniles, and adults. Note that the F2 and F3 generations
are plotted against a differenayis that is logransformed, as the parasite numbers grow exponentially
with each generaih. In this estimate, from a single infecting founder the total theoretical parasite
population grows to over 2,400 by day 25, and over 96,000 by day 40, as shown by the black line.

As with most rselected organisms the potential for population gromith. melleni(or N.
girellae) is exponential, and this portends an extreme threat to fishes maintained by the aquarist or
aquaculturist. Figure 7 above represents the population growth afellenithrough three
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generations assuming that fecundity &23, and other population characteristics follow Hoai and
Hutson (2014), with the exception that adult lifespan is 10d based on observations by one of the
authors (BLC) omN. cf. mellenfrom the Gulf of México, and infection rate is set at 1%.

Many of theinvestigations published oNdeobenedeniapp. have reported much higher
infection rates, as much as-88% (Hoi and Hutson, 2014), or greater than 90% (Vallega et
al., 2019), though these laboratory trials used much smaller tanks to house specichkitgd)ea
densities of fishes than are typical in public aquaria. As such, extrapolation of these infection rates
to larger closed systems in incongruent with observations of the authors. Using unpublished data
(B. Christie) on parasite abundance in gr®wf T. carolinusand A. coeruleusrom 2500gal.
guarantine tanks and the emallion-gallon Caribbean exhibit at the Moody Gardens Aquarium,
the infection success rate is assumed to be much lower in aquaria than aquaculture (based on 30
day infection inceases of 11259 N. mellenihost!). These increases in parasite abundance
suggest thalN. melleniis not nearly as successful in large aquaria (<1% infection), likely due to
factors such as lower stocking densities, diversity of host species, highauln®8er, ozone
sterilization, et cetera. However, the reader should remember that the very definition of species
within what we consider to bid. melleni, N. girellaeand/or the greateleobenedeniapecies
complex is in flux (e.gWhittington, 2004; Whittington et al., 2004.; Brazenor et al., 2018), and
infection rates and virulence could very well vary widely between populations and/or species.

Figure 8 Do you even fecund, bPo An adultNeobenedenia cf. mellenext to a massive aggregation of eggs.
Adult Neobenedeniare known to produce as many as 32297 eggs per worm during their lifespan (Hoai and
Hutson, 2014). Photo from the Point Defiance Zoo and Aquarium by J.W. Foster, IV.
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The Red Queen Theory andHost-Parasite Dynamics

I n evolutionary terms, hosts and parasites
with parasites constantly adapting to their h
strategies to avoid parasites ancesehg for those with better immune responses. This process
has been described as Red Queen Theory (RQT) in evolutionary biology (Van Valen; 1973, Bell,
1982; and Bell 1985), and RQT pressure has been theorized to perhaps be the driving force behind
the genesis of sexual reproduction, or the persistence thereof, among living organisms early in the
history of life on earth (Bell, 1985; Lively, 2010), to enable hosts to more rapidly create genetic
recombination and thus variation to better deal with pagsiRQT is named after the character
in the Lewis Carroll novel OThrough the Looki
you can do, to stay in the same pl aceo.

Application of RQT in the context of parasites in the artificial environmetheohquarium
was first proposed by Smith et al. (2018), in regards to the adaptations made by parasites in
response to both host immunity and outside pressures such as treatments imposed by aquarists and
veterinarians. This is an apt comparison, and almmytlook of the results of the container effect,
because aquaria have struggled since its description to eradicate this worm in captive environments
in an ongoing 6arms raced of chemothe#nwpeutic
years of oubest effortdNeobenedenieemainsParasitus Invictusan unconquered worm. Public
aguaria currently have managed to develop and refine treatment protocols that allow us to keep
this parasite at bay, more or less, but no treatment protocol can agoésaitee the banishment
of Neobenedeniago until a major breakthrough occurs we continue all the running we can do to
maintain a precarious détente with this insidious pathogen.

Host Species List

There have been, over time, several comprehensive flistgsarded hosts fal. mellenj
though as our understanding of the ubiquity of infection of bony fishes grows these lists invariably
become outdated and in need of revision. In the spirit of Sisyphus, forever condemned to labor at
pushing an immense olsfeup an infinite hill, the authors hereto present a comprehensive,
authoritative, and soeto-be outdated list of the fishes reported to dstnelleniandN. girellae.
We present thigith the full knowledge that this list shall likely be outdated by the time this article
goes to print, so the reader is advised to consult the parasitology literature from 2019 onwards
when looking for the full scope of infection susceptibility. Giver tAxonomic confusion
betweenN. melleni and N. girellaa complete list of host records is difficult to compile, though
understanding the extent of host records for these parasite species collectively is important as it
may help differentiate lowisk from highrisk fishes (Bullard et al., 2002).

Species Predisposed/Carriers

The vast majority of monogeneans infect a single species (Brazenor et al., 2018) so despite
the taxonomic confusion betweéhh melleniand N. girellae the lack of host specificity as
demonstrated by the compiled host list above is astounding. While the total list of hosts is broad
in taxonomic scope, certain fishes tend to be more pradedbenedeniafection. Bullard et al.
(2002) note that understanding the patterns in the gixeeihost records may differentiate low
risk from highrisk fish species. There are a number of species which seem, through aggregation
of many anecdotal reports, to be especially predisposed to caNyimgllenj and some of this
conventional wisdom tsabeen affirmed by published research.
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Figure 9. Characteristics dleobenedenia melleniA) Numerous large adult worms infecting the skin and eyes of
Chaetodipterus fabgffixed whole in 10% NBF to show monogenes). NB)melleni50x magnification, note the

large haptor with three paired hook structures at posterior, anterior arrangement of the reproductive organs, and
marginal hooklets (n=14) encircling the haptor. C)diletf the posterior end and haptor (100x), note the three

major hook structures: anterior and posterior hamule, and accessory sclerites. The path of the tendons can be seen
here as well as the notch at the proximal base of the accessory scleritesewsiighstthe tendons at a near rght

angle bend. D) Anterior end (100x), note the anterior suckers and the location of the pharynx. The penis and
intersection of the male and female urogenital systems can be seen here. Note the lack of a vagina and the
developing egg. Photos from the Aquarium at Moody Gardens by B.L. Christie.
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Table 1 Number of Recorded Host Fishes gobenedenia melleby Family.

Family Common Host spp. Family Common Host spp.
Acipenseridae Sturgeons 1 Lobotidae Tripletails 1
Congridae Conger Eels 1 Haemulidae Grunts 2
Ariidae Sea Catfishes 1 Sparidae Porgies 5
Mugilidae Mullets 1 Sciaenidae Drum 4
Poeciliidae Livebearers 1 Kyphosidae Chub 3
Holocentridae Squirrelfishes 1 Chaetodontidae | Butterflyfishes 6
Scorpaenidae Scorpionfishes 19 Pomacanthidae | Angelfishes 9
Triglidae Sea Robins 1 Cirrhitidae Hawkfishes 1
Hexagrammidae Greenlings 3 Cichlidae Cichlids 5
Cottidae Sculpins 3 Embiotocidae Surfperches 2
Scatophagidae Scats 1 Labridae Wrasses 13
Monodactylidae Monos 1 Anarhichadididae | Wolfishes 1
Lateolabracidae Asian Seabasses 1 Scaridae Parrotfishes 1
Terapontidae Tigerperches 1 Blenniidae Blennies 1
Latidae Barramundi 1 Microdesmidae | Wormfishes 2
Moronidae Striped Basses 1 Ephippidae Spadefishes 2
Epinephelidae Groupers 25 Acanthuridae Surgeonfishes 4
Pseudochromidae Dottybacks 1 Trichiuridae Cutlassfishes 1
Serranidae Sea Basses Scombridae Mackerals 1
Malacanthidae Tilefishes Pleuronectidae Flounders 2
Pomatomidae Bluefishes Paralichthyidae | Sand Flounders 1
Carangidae Jacks 17 Balistidae Triggerfishes 5
Coryphaenidae Dolphinfishes Monocanthidae | Filefishes 3
Echeneidae Remoras Ostraciidae Boxfishes 4
Lutjanidae Snappers 11 Tetraodontidae Pufferfishes 7
Rachycentridae Cobia 1 Diodontidae Porcupinefishes 2
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Table 2 Published Host Records fhlieobenedenia melleim Phylogenetic Order

Family Species Common N. melleni | N. girellae Reference
Acipenseridae Acipencer transmontanus | White Sturgeon X Christie et al., 2020
Congridae Heteroconger hassi Garden Eel X Bullard et al., 2000
Ariidae Ariopsis felis Hardhead Sea Catfis X Whittington and Horton, 1996
Mugilidae Mugil curema White Mullet X Conroy et al., 1986
Poeciliidae Gambusia xanthostoma Cayman Gambusia X Bullard et al., 2000
Holocentridae Holocentrus ascensionis | Squirrelfish X Whittington and Horton, 1996
Scorpaenidae Pterois antennata Antennate Lionfish X Christie et al., 2020

Pterois radiata Radiated Lionfish X Christie et al., 2020

Pterois volitans Red Lionfish X Christie et al., 2020
Sebasteauriculatus Brown Rockfish X Christie et al., 2020
Sebastes capensis Cape Redfish X Gonzalez and Acuna, 1998
Sebastes caurinus Copper Rockfish X Christie et al., 2020
Sebastes diaconus Deacon Rockfish X Christie et al., 2020
Sebastes diploproa Splitnose Rockfish X Christie et al., 2020
Sebastes emphaeus Ezgﬁ;is’shound X Christie et al., 2020
Sebastes flavidus Yellowtail Rockfish X Christie et al., 2020
Sebastes maliger Quillback Rockfish X Christie et al., 2020
Sebastes melanops Black Rockfish X Whittington and Horton, 1996
Sebastes miniatus Vermillion Rockfish X Christie et al., 2020
Sebastes nebulosus China Rockfish X Christie et al., 2020
Sebastesigrocinctus Tiger Rockfish X Christie et al., 2020
Sebastes pinniger Canary Rockfish X Christie et al., 2020
Sebastes ruberrimus Yelloweye Rockfish X Christie et al., 2020
Sebastes rubrivinctus Flag Rockfish X Brazenor et al., 2018

Sebastes serranoides

Olive Rockfish

Love at al., 2002
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Family Species Common N. melleni | N. girellae Reference
Triglidae Prionotus evolans Striped Searobin X Whittington and Horton, 1996
Hexagrammidae sgg:grfmé‘ngs Kelp Greenling X Whittington and Horton, 1996

Hexagrammotagocephalus| Rock Greenling X Bullard et al., 2003
Ophiodon elongatus Lingcod X Christie et al., 2020
Cottidae Enophrys bison Buffalo Sculpin X Christie et al., 2020
Eg:“zfgggﬁs Red Irish Lord X Christie et al., 2020
Leptocottus armatus ggﬁig?nStaghorn X Whittington and Horton, 1996
Scatophagidae Scatophagus argus Scat X Whittington and Horton, 1996
Monodactylidae | Monodactylus argentus Silver Moony X Whittington and Horton, 1996
Lateolabracidae | Lateolabrax japonicas Japanese Seabass X Ogawa et al., 1995
Terapontidae Terapon jarbua Jarbua Terapon X Whittington and Horton, 1996
Latidae Lates calcarifer Barramundi X Deveney et al., 2001
Moronidae Morone saxatilis Striped Bass X Whittington and Horton, 1996
Epinephelidae Cephalopholis cruentata Grayshy X Whittington and Horton, 1996
Cephalopholis fulva Coney X Whittington and Horton, 1996
Dermatolepis inermis Marbled Grouper X Whittington andHorton, 1996
Epinephelidae Dermatolepis punctatus Leather Bass X Whittington and Horton, 1996
Epinephelus adscensionis | Rock Hind X Whittington and Horton, 1996
Epinephelus akaara Hong Kong Grouper X Ogawa et al., 1995
Epinephelusawoara Yellow Grouper X Yang et al., 2001
Epinephelus bleekeri Duskytail Grouper X Dewi et al., 2017
Epinephelus coioides ggzggfpotted X Brazenor et al., 2018
Epinephelus cyanopodus | Speckled Grouper X Ogawa et al., 1995
E?}T:gg?dgs fuscoguttatus Hybrid Grouper X Dewi et al., 2017
Epinephelus guttatus Red Hind X Whittington and Horton, 1996
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Family Species Common N. melleni | N. girellae Reference
Epinephelidae Epinephelus itaiara Goliath Grouper X Whittington and Horton, 1996
Epinephelusnalabaricus Malabar Grouper X Ogawa et al., 1995
Epinephelus marginatus Dusky Grouper X Sanches, 2008
Epinephelus morio Red Grouper X Whittington and Horton, 1996
Epinephelus striatus Nassau Grouper X Whittington and Horton, 1996
Hyporthodus septemfaciaty Convict Grouper X Habu et al., 2009
Mycteroperca interstitialis é?(l)lﬁ\ger?oum X Whittington and Horton, 1996
Mycteroperca microlepis Gag Grouper X Whittington and Horton, 1996
Mycteroperca rosacea Leopard Grouper X Whittington and Horton, 1996
Paranthias furcifer Creole X Whittington and Horton, 1996
Plectropomus leopardus é?gﬁz;dr Coral X Ogawa et al., 1995
Pseudochromidag Pseudochromis fridmani Orchid Dottyback Brazenor et al., 2018
Serranidae Centropristis striata Black Sea Bass X Whittington and Horton, 1996
Cromileptes altivelis Panther Grouper X Keosharyani et al., 1999
Zaarcall?;c:)af;sciatus Spotted Sand Bass X Whittington andHorton, 1996
Malacanthidae Malacanhus plumieri Sand Tilefish X Whittington and Horton, 1996
Pomatomidae Pomatomus salatrix Bluefish X Whittington and Horton, 1996
Carangidae Caranyx hippos Crevalle Jack X Whittington and Horton, 1996
Caraynx crysos Horse Eye Jack X Whittington and Horton, 1996
Elagatis bipinnulata Rainbow Runner X Christie et al., 2020
Gnathodon speciosus Golden Trevally X Christie et al., 2020
Naucrates doctor Pilotfish X Whittington andHorton, 1996
Oligoplites altus Longjaw Leatherjack X Brazenor et al., 2018
Pseudocaranx dentex White Trevally X Ogawa et al., 1995
Carangidae Selene setapinnis Atlantic Moonfish X Whittington and Horton, 1996
Seriola dumerili GreaterAmberjack X Ogawa et al., 1995
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Family Species Common N. melleni | N. girellae Reference
Carangidae Seriola lalandi Xﬁlg’:gﬂk X Ogawa et al., 1995
Seriola quinqueradiata iﬁggﬁ;ﬁk X Ogawa et al., 1995
Seriola riviolana Almaco Jack X Whittington and Horton, 1996
Trachinotis carolinus Florida Pompano X Whittington and Horton, 1996
Trachinotus falcatus Permit X Whittington and Horton, 1996
Trachinotus goodei Palometa X Whittington and Horton, 1996
Trachinotus kennedeyi Elc?n?:gr??h X Brazenor et al., 2018
Trachinotus ovatus Pompano X Whittington and Horton, 1996
Coryphaenidae Coryphaena hippurus Dorado X Whittington and Horton, 1996
Echeneidae Echeneis naucrates Sharksucker X Bullard et al., 2000
Lutjanidae Lutjanus analis Mutton Snapper X Whittington and Horton, 1996
Lutjanus apodus Schoolmaster X Whittington and Horton, 1996
Lutjanus argentiventris Yellow Snapper X Brazenor et al., 2018
Lutjanus campechanus gr?;tss;? Red X Bullard et al., 2000
Lutjanus erythorpterus Crimson Snapper X Ravi and Yahaya, 2016
Lutjanus griseus Mangrove Snappet X Whittington and Horton, 1996
Lutjanus jocu Dog Snapper X Whittington and Horton, 1996
Lutjanus sangeuineus gg;npp:)r;erad X Xuejuan et al., 2000
Lutjanus synagris Lane Snapper X Whittington and Horton, 1996
Lutjanus viridis glr?aep?)g(rj Gold X Whittington and Horton, 1996
Ocyurus chrysurus Yellowtail Snapper X Whittington and Horton, 1996
Rachycentridae | Rachycentron canadum Cobia X X Brazenor et al., 2018
Lobotidae Lobotes surinamiensis Tripletail X Whittington and Horton, 1996
Haemulidae Ansiotremus surinamiensis| Black Margate X Whittington andHorton, 1996
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Family Species Common N. melleni | N. girellae Reference
Haemulidae Ansiotremus virginicus Porkfish X Whittington and Horton, 1996
Sparidae Archosargus Sheepshead X Whittington and Horton, 1996

probatocephalus
Archosargus rhomboidalis Western Atlantic X Whittington andHorton, 1996
Seabream
Calamus calamus Saucereye Porgy X Whittington and Horton, 1996
Pagrus pagrus Porgy X Christie et al., 2020
Sparus aurata Gilthead Seabrearr| X Whittington and Horton, 1996
Sciaenidae Larimichthys crocea Large Yellow X Yang et al., 2001
Croaker
Menticirrhus saxatilis Northern Kingfish X Whittington and Horton, 1996
Micropogon undulatus Croaker X Whittington and Horton, 1996
Pogonias cromis Black Drum X Whittington and Horton, 1996
Kyphosidae Girella nigricans Opaleye X Whittington and Horton, 1996
Kyphosus saltatrix Bermuda Chub X Christie et al., 2020
Medialuna californiensis Halfmoon X Whittington and Horton, 1996
Chaetodontidae | Chaetodon capistratus Foureye X Whittington and Horton, 1996
Butterflyfish
Redtail I~
Chaetodon collare ' X Whittington and Horton, 1996
Butterflyfish
Chaetodon lunula Racoon ' X Bullard et al., 2000
Butterflyfish
Spotfin -
Chaetodon ocellatus ' X Whittington and Horton, 1996
Butterflyfish
Chaetodon semilarvatus Bluechee_k X Cardosa et al., 2018
Butterflyfish
Chaetodon striatus Banded ' X Whittington and Horton, 1996
Butterflyfish
Heniochis acuminatus Long Flr_med X Whittington andHorton, 1996
Bannerfish
Pomacanthidae | Holocanthus bermudensis | Blue Angelfish Whittington and Horton, 1996
Holocanthus ciliarus Queen Angelfish X Whittington and Horton, 1996
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Family Species Common N. melleni | N. girellae Reference
Pomacanthidae | Pomacanthus annularis ﬁggg:ﬁ;ﬁ X Bullard et al. 2003
Pomacanthus arcuatus Grey Angelfish X Whittington and Horton, 1996
Pomacanthus asfur Asfur Angelfish X Cardosa et al., 2018
Pomacanthus maculosus Xﬁgz\ll}ligﬁr X Cardosa et al., 2018
Pomacanthus paru French Angelfish X Whittington and Horton, 1996
Pygoplites diacanthus Regal Angelfish X Cardosa et al., 2018
Cirrhitidae Neocirrhites armatus Flame Hawkfish X Brazenor et al., 2018
Cichlidae Oreochromis mossambicus _Ih_/li&zpeil?bique X Whittington andHorton, 1996
Oreochromis niloticus Nile Tilapia X Ogawa et al., 1995
ggesos‘:;;%rizijshomor”m X | Tilapia X Whittington and Horton, 1996
Oreochromis spp. Tilapia X Whittington and Horton, 1996
Embiotocidae Embiotica jacksoni Black Surfperch X Whittington and Horton, 1996
Embiotica lateralis Striped Surfperch X Whittington and Horton, 1996
Labridae Bodianus pulchellus Cuban Hogfish X Christie et al., 2020
Bodianus rufus Spanish Hogfish X Whittington andHorton, 1996
Bodianus scrofa Barred Hogfish X Whittington and Horton, 1996
Haemullon album Margate X Whittington and Horton, 1996
Haemulon flavolineatum French Grunt X Whittington and Horton, 1996
Haemulon macrostomum | Spanish Grunt X Whittington and Horton, 1996
Haemulon plumeri White Grunt X Whittington and Horton, 1996
Haemulon sciurus Bluestriped Grunt X Whittington and Horton, 1996
Lachnolaimus maximus Rooster Hogfish X Whittington and Horton, 1996
Pseudocheilinus hexataenij Sixline Wrasse X Brazenor et al., 2018
Semicossyphus pulcher gﬁgg)[;rs];\aead X Whittington and Horton, 1996
Tautoga onitis Tautog X Whittington and Horton, 1996
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Family Species Common N. melleni | N. girellae Reference
Labridae Thalassoma pavo Ornate Wrasse X Whittington and Horton, 1996
Anarhichadididae | Anarrhichthys ocellatus Wolf Eel X Christie et al., 2020
Scaridae Scarus perrico E;?nggﬁd X Whittington and Horton, 1996
Blenniidae Scartichthys viridis Blenny X Diaz andNascimento, 2002
Microdesmidae Nemateleotris decora Elegant Firefish X Brazenor et al., 2018
Oxymetopon cyanoctenosu gliléganagigy Bullard et al., 2003
Ephippidae Chaetodipterus faber Spadefish X MacCallum, 1927
Platax sp. Batfish X Whittington and Horton, 1996
Acanthuridae Acanthurus bahianus Barber Surgeonfist Siddel et al., 2009
Acanthurus chirugas Doctorfish X Whittington and Horton, 1996
Acanthurus coeruleus Blue tang X Whittington and Horton, 1996
Paracanthurus hepatus Hepatus Tang X Whittington and Horton, 1996
Trichiuridae Trichiurus lepturus éﬂ?lgtsigfish X Carvalho and Luque, 2009
Scombridae Scomber japonicas mﬂg&hw X Yammamoto et al., 2014
Pleuronectidae Platichthys stellatus Starry Flounder X Christie et al., 2020
Verasper variegatus Spotted Halibut X Brazenor et al., 2018
Paralichthyidae | Paralichthys olivaceus Olive Halibut X Ogawa et al., 1995
Balistidae Balistescapriscus Grey Triggerfish X Whittington and Horton, 1996
Balistes vetula Queen Triggerfish X Whittington and Horton, 1996
Canthidermis sufflamen Ocean Triggerfish X Whittington and Horton, 1996
Melichthys bispinosus Black Triggerfish X Whittington and Horton, 1996
Melichthys piceus Black Triggerfish X Whittington and Horton, 1996
Monocanthidae | Aluterus schoepfi Orange Filefish X Whittington and Horton, 1996
Aluterus scriptus Scrawled Filefish X Whittington and Horton, 1996
Stephanolepis hispidus Planehead Filefish X Whittington and Horton, 1996

Drum and Croake®1 (2020)

60




Family Species Common N. melleni | N. girellae Reference
Ostraciidae szg:izsr:izdon Scrawled Cowfish X Whittington and Horton, 1996
Lactophrys bicaudalis Spotted Trunkfish X Whittington and Horton, 1996
Lactophrys trigonus Trunkfish X Whittington and Horton, 1996
Lactophrys triqueter Smooth Trunkfish X Whittington and Horton, 1996
Tetraodontidae éerlg[rtg)er:uleopunctatus Bluespotted Puffer X Brazenor etl., 2018
Canthigaster bennetti gﬁg?;r:tc')sse Puffer X Brazenor et al., 2018
Spheroides maculatus Least Puffer X Whittington and Horton, 1996
Sphoeroides annulatus Bullseye Puffer X Brazenor et al., 2018
Sphoeroidesnaculatus Northern Puffer X Christie et al., 2020
Takifugu rubripes Japanese Pufferfis| X Ogawa et al., 1995
Diodontidae Chilomycterus schoepfi Burrfish X Christie et al., 2020
Diodon hystrix Porcupinefish X Whittington and Horton, 1996
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Florida pompanal. carolinuswere the first carangid fish documented carryihgnelleni
in the wild, and they may be a vector for geographic spread in the Caribbean and Gulf of Mexico
(Bullard et al., 2002), and wild pompano have been implicated as the source of at least one major
public aquarium outbreak (Christie, 2006). When surveyed ahith fishes were most affected
by N. mellenj the top three species reported were spadeiisifiaber(32%), lookdown Selene
vomer(24%), and Florida pompan®, carolinus(16%) (Christie, 2015). In fact, two aquaria even
reported that spadefish weegcluded from their collection plans because of their propensity to
carry N. mellenj and 15% of institutions report that extra precautions or specialized quarantine
prophylaxis were aimed at groups of fishes thought to be more susceptible to haxboréigni
(Christie, 2015).

Characteristics of Aquarium Outbreaks

The following data were collected from survey of public aquaria (n=28) on their
experiences wittNeobenedeniautbreaks (Christie, 2015) and gives some insight into the scope
of the problem in captive seawater exhibits. We know from the literature thaiatasite has
long plagued public aquaria (MacCallum, 1927; Jahn and Kuhn, 1932; Thoney and Hargis, 1991),
and 82% of institutions have had recurrence following treatment, 29% more than five times. These
outbreaks tend to occur in large (93% over 10g@D) tanks with mixed species collections
(median 1,200 fishes representing 56 species) resulting in an average of 42 mortalities (7%, range
0-360) per disease event. The majority of identificationgNasbenedenia cf. mellemere
presumptive, with only1% of institutions reporting a confirmed species identification. Voucher
specimens were deposited in museum collections by 3 institutions (U.S. National Parasite
Collection and the Manter Laboratory for Parasitology).

Hyperparasitism

Prophylactic teatment for secondary infections of epidermal lesions and scale loss with
antibiotics are often warranted in heavy infections to prevent mortalities, however the possibility
of coinfection should not be discounted. When managing a group of fishesNatstbanedenia
outbreak coinfection with another parasite is a significant risk. The dinoflagellate parasite
Amyloodinium ocellaturis known to be a hyperparasite df melleniitself (Colorni, 1994) and
infections commonly manifest during monogene outbredks survey of over 30 public aquaria
in 2015, 11% reported outbreaksAofocellatumand interestingly 17% reported coinfection with
Uronema marinum(Christie, 2015),A. ocellatumoutbreaks have also been reported during
laboratory infection trials dN. melleni(Ellis and Wantanabe, 1993). Notably béthocellatum
andU. marinumare microparasite species that thrive at lower salinities, such as the conditions
typical of hyposalinity treatments. Overall 45% of facilities reported experiencing centur
infections of a ciliate, scuticociliate, or dinoflagellate duribgobenedeniautbreaks (Christie,
2015).

Treatment Strategies

In order to be effective, treatments fdr mellenimust be applied to take advantage of the
life cycle. The eggs of caakd monogenes in general, aNdmelleniin particular, are extremely
resilient to chemical treatments, and to be effective the adult and oncomiracidia stages need to be
targeted. The only treatment that has been shown to be 100% effective in presggsrigpm
hatching is hyposalinity, and many other chemotherapeutics, immunostimulants, and biological
controls have been tried, summarized below. The literature cited of this paper should serve as a
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portal to the literature for those interested in leagmore, however as a word of caution treatment
strategies employed in the literature intended for aquaculture applications should beutaken
grano salis as the intent of the aquaculturist is to stave off mass outbreak of pathogenic
ectoparasites jusbhg enough to allow for outgrowth and harvest of the crop to market. Those in
public aquaria are seeking a treatment strategy to allow fortéongcontrol (eradication may be

a bit optimistic) of the parasite over years or decades; employing chemetitergpvith 99%
efficacy may offer shotterm results in an aquarium, but the potential for developing drug
resistance is a very real consequence.

Much of the most promising research into the contrdNebbenedenidhas come from
parasitologists in Austitia, and a landmark paper (Brazenor and Hutson, 2015) on the life cycle
as it relates to salinity and temperature allows one to more accurately construct treatment regimens
to target infective stages. This groundbreaking work has been expanded bythne tmua web
based interactive treatment calculator that aquarists and veterinarians conetiremedenia
are advised to consullittp://www.marineparasites.com/paratreatmentcal ,hwith the caveat
that treatment in aquaculture and treatment in aquaria are two different beasts, with different goals,
and multiple applications of chemotherapeutics are necessary to effectively control this parasite in
a closed system.

Praziquantel

Pr& i quant el (PzZzQ) first started to see wide
200060s. The first use of PZQ against a capsa
noted the failure of copper sulfate and trichlorfon to corfBehedeniell posterocolpa. Innis
(2012) reports that 75% of public aquaria and zoos currently employ PZQ immersion therapy, with
a wide range of dosing regimens and only 3% testing PZQ concentrations. Until 2014 there was
a lack of basic understanding in analytichémistry as to how to quantify PZQ in seawater, and
for many years it was assumed to be present in therapeutic concentrations in seawater for 20d, and
detectable for over 30d based on an HPLC method (Crowder and Charandra, 2003). More recently,
it has een discovered that this initial method confused PZQ degradation byproducts with PZQ
itself, and furthermore microbial action rapidly reduces PZQ concentrations in water (Marrero and
Ellis, 2014, Thomas et al., 2016), rendering it ineffective after astesyt time period. Marrero
and Ellis (2014) found that most samples degraded within 36h from starting concentrations of 3
6mg/l, and Thomas et al. (2016) expanded these methods to show thaaREQ@ystems with
sterilized seawater would only retain theig in measurable concentrations for 8d, and repeat
exposure to PZQ would show degradation within 48h.

Despite its limitations, PZQ remains a viable drug to coriedbenedeniathough the
rate of parasite recurrence is higher than some other mef@bdstie, 2015), and increasing
microbial degradation rates should be considered. This compound may be most useful in a
guarantine setting, where small volumes permit more economical dosing of higher concentrations
(e.g. 45mg/l) more frequently (redogirevery 34d) as means of antihelminthic prophylaxis.

Oral (per 09 administration of PZQ has been attempted to control a number of monogenes,
including multiple capsalid species includihggobenedenigpp. (Janse and Borgsteede, 2003;
Hirazawa et al.,@04; Yamamoto et al., 2011), to limited success. In pharmacokinetic studies, the
variability of PZQ concentrations in the skin of some species has been determined to be suboptimal
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for treatment of monogenes (Tubbs and Tingle, 2006). In an aquaculting, ssdministration

of oral medications may hold some promise, as it is certainly possible to control the infection long
enough for an appropriate drug withdrawal period and harvest, however, as is the case with many
other treatment regimens, this is mitectly applicable to fishes held in public aquaria. In an
aguarium setting there are eggs and larvae well entrenched in the aquarium itself when monogene
outbreaks occur, and in order to be effective oral chemotherapeutics would need to reach
concentrabns in the mucous and epithelium of fishes sufficient to kill 200% of adult worms and
prevent 100% of parasite infections, and this level would need to be maintained on every fish in
the exhibit for an extended period of time. To date we simply do ne¢ kafficient
pharmacokinetic data for the variety of fish taxa we display to create evidaesed oral
treatments, and existing trials have shown mixed results.

Thoney and Hargis (1991), recognizing the factors above, cautioned against the use of oral
treatment routes to combat monogenes for fear of developing drug resistance. Kim et al. (2001)
found that even at extreme doses of PZQ (400mg/kg) the drug was only detectable in plasma for
96h, and tissue/mucous concentrations were even lower. IragaitssiN. girellaewith oral PZQ
Yamamoto et al. (2001) found only 80% reduction in parasite burden, Hirazawa et al. (2004) tried
doses ranging from 4050 mg/kg P.O. over-31d and noted reductions in parasite abundance but
not clearance of the infection. In trials agaiasbther highly resilient monogendjcrocotyle
sebastis PZQ administered at 18M0mg/kg P.O. was more effective when administered with
cimetidine at 200mg/kg (Kim et al., 2001b), but still not completely efficacious at clearing
monogene infections. Agest Benedenia seriolaeral PZQ reduced infection rates by-83%
(Forwood et al., 2016). In a survey of public aguariums, 5 institutions report having tried oral PZQ
in doses of 0.8100mg/l for 1428d with no reported success (Christie, 2015). In génide risk
of creating PZ@esistant monogenes is high, and chances of success very low when considering
oral administration, and the authors would advise against it unless in combination with another
antihelminthic backed by pharmacokinetic data, anid/oonjunction with aggressive waterborne
treatment.

Organophosphates

Organophosphate pesticides, especially tr
aquariums and aquaculture for over 30 years to combat monogenes, leeches, and crustacean
parasites in §hes. Trichlorfon has some advantages as a chemotherapeutic, as it is inexpensive,
low concentrations are needed for treatment (<1.0mg/l), and oxidizes rapidly in hard waters. The
major disadvantage to trichlorfon use is toxicity to both animals arfdastafganophosphates are
potent neurotoxins. The use of atropine sulfate as an antidote for organophosphate toxicity is a
consideration for aquariums using this class of chemicals, either in response to toxicosis, or
prophylactically before and duringetment. It should also be noted that due to the rapid oxidation
of organophosphates (<11Bh), treatments should be timed to match the life cycle of the parasite.
Additionally, reapplication frequency should be determined by the life history of the worm
relation to salinity and temperature. Egg$\Nebbenedenilave been found to hatch within the
first few hours of light (Hoai and Hutson, 2014) and have a peak viability at 12h (Brazenor and
Hutson, 2015) so it is important to apply treatments sonthtrborne concentrations overlap with
oncomiracidia viability for maximum disruption of the life cycle (Figure 11). In general,

64



trichlorfon treatments in public aquaria and zoos have only shown mixed results against capsalid
monogenes, and have not proven highly effective agBarstdeniellar Neobenedeniélhoney,
1990, Christie, 2006, Christie, 2015).
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Figure 10.An overview of different praziquantel (PZQ) dosing regimens used at n=28 public aquaria
as submitted to a 2015 questionnaire. As has been observed by Innis (2012) there are significant
differences in clinical protocols and dosing schemes being used at varidite$aciThe red line
indicates theoretical PZQ concentrations in mg/l assuming that microbial degradation patterns in
seawater follow those observed by Marrero and Ellis (2014). The blue line indicates theoretical
parasite population growth on a log sdhe red line is PZQ concentration in mg/l. For each treatment
protocol, the area under the curve (AUC) is calculated, and expressed numerically as riléigsam

(mg d?) of PZQ.
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Table 3 Praziquantel Prolonged Immersion Dosing Regimens Reported?@15
Survey of Public Aquaria

Concentration Duration Reapplication Efficacy
(mgll) (d) (Reported)
2.0 q7d +/-
2.0 28 q7d -
2.0 ql4d +/-
2.0 30 glod n/s
2.0 21 q7d +
2.0 21-28 g4d +
2.0 21 g4d +
2.0 7 - -
2.0 +/-
2.0 20-30 glod +
2.2 21 - -
3.0 21 q7d +/-
3.0 21 7 +/-
3.0 20-30 glod +
4.0 q7d +/-
4.0 28 q7d -
5.0 21 - +/-
5.0 21 g4d +
5.0 7 - -
5.0 30 g4d +
5.0 20 g4d +
10.0 7 - -
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Thearetical Praziquantel Concentration (Smg/l) v
Neobenedenio Oncomiracidia from 250 Parasites
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Figure 11.Theoretical plot of two common waterborne antihelminthics (blue lines) applied -atayidnd before

first light.
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Praziquantel (PZQ) is known to degrade in as little a86t (Marrero and Ellis, 2014) through
a srah organdplosphate ikrfownnto okidize M@ ik Highaikalinity

water. As oncomiracidia (orange line) emerge in the first 3h of light and are most viableldh {Hoai and
Hutson, 2014, Brazenor and Hutson, 2015), the effective period for watennedieations to target the (most
vulnerable) infective stages is maximized when drugs are applied just before first light.

Table4Tr i chl or f on

(Dyl oxE) Prolonged

Reported in a 2015 Survey of Public Aquaria

Conz:ég;[;ltlon Dug;lon Reapplication (Isjg)((:)?tceyd)
0.25 21 7 -
0.30 1520 5 n/s
0.50 21-28 7 n/s
0.70 30-40 10 ni/s
0.40 7 - -
0.63 21 7 -
0.25 21 7 +
0.50 21 7 +
0.25 21-28 7 +/-
0.50 21-28 7 +/-
0.75 21-28 7 +/-
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Hyposalinity

The effects of salinity oN. melleniwere first examined by Mueller et al. (1992) who found
that egg hatching success declined substantially below 24g/l. Ellis and Wantanabe (1993) further
expanded this knowledge and reported that 18g/l for 7d wasieffetipreventindN. mellenieggs
from hatching in the lab duringn vitro trials, but ineffective during a fullcale aquaculture
experiment. However, reducing the salinity to 15g/I for 5d was effective both in the lab and in
trials at interrupting thefe cycle (Ellis and Wantanabe, 1993). The first application of prolonged,
long-term hyposalinity carried out on a large scale was done at Moody Gardens in Galveston,
Texas in a milliorgallon exhibit (Christie, 2006), and the method has been used hplmather
facilities, such as on the Giant Ocean Tank of the New England Aquarium to good effect (Smith,
et al. 2018).

In trials at the New England Aquarium, Smith et al. (2018) reported that reduction in
salinity to 15g/I for 60d, then increasing tonaintenance level of 22g/l, and then a second round
of 159/l of 60d was effective at reducing parasite eggs observed effectively to zero, and preventing
outbreaks in a large mixexpecies exhibit. This method was also unique in that they proactively
exanined microamesh screens placed on the exhibit overflows, and used the frequency of eggs
(and especially viable eggs with eyespots) to inform-deten treatment plans (Smith et al.,
2018). The presence of eyedgs is important because the percentdgyespots visible within
the egg case is an indirect indicator of viability, Ellis and Wantanabe (1993) found higher hatch
rates in groups of eyeehgs. Interestingly enough, Smith et al. (2018) noted no difference in
overall fish mortality during hypos$aity treatments than during nefisease periods at normal
salinities, similar to the account of Christie (2006) who only reported animal issues with
elasmobranch, but not teleost fishes.

Shorter term freshwater dips have also been found particularfiyl @sea management
strategy to controlNeobenedenisspp. both in aquaculture and in public aquaria. These
hyposaline/hyperosmotic treatments do not always kill the worms, but remove them physically
from the host as the osmotic imbalance causes tetanyhie wor ms é muscul at ur e
them. The use of freshwater dips is very common in aquaculture, as the pharmacopeia at the
disposal of the aquaculturist is very limited in most countries compared to that of the aquarist in a
public aquarium (e.g. aqaulture drugs being restricted by the FDA in the United States). One
study of the efficacy of freshwater dips against sea liceNmewbenedenidound that parasite
reductions of 95% resulted from 20 min dips, and 60 min dips resulted in 99% reducjern (Fa
Avila et al., 2008).

Freshwater dips suffer the disadvantage of only removing juvenile and adult parasites, with
no effect on eggs. This does not interrupt the life cycle, but disrupts it to a degree, and as such is
a useful tool in aquaculture wigehost fishes must only be kept alive long enough to harvest and
bring to market, or to temporarily alleviate the complications of parasitism in heavily infected
individuals. Freshwater dips of fishes are a common management strategy in public aguaria th
have opersystem LSS and cannot conduct effective taitde treatments, or where incoming
seawater will soon ratroduce the parasite. A combination of proactive freshwater dipping,
probably bolstered by acquired immunity of the host fishes, has bseth as a lonrterm
management strategy in many aquaria. Freshwater dips are also a powerful tool with some
potential to disrupt the life cycle when fishes are moved between tanks, such as upon arrival to the
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facility before entering quarantine, or aftgrarantine before being moved to exhibit. However, it

is worth noting that not all eggs fall to the substrate, and eggs present on the host will not be
affected by a freshwater dip and may lead to reinfection. For maximal effect when constructing a
datadriven strategy to employ freshwater dips in ectoparasite management, the reader is advised
to consult the treatment calculator specifidNeobenedenidased on the life history work of
Brazenor and Hutson (2015)ttp://www.marineparasites.com/paratreatmentcal.html

Table 5. Hyposalinity Treatment Regimens
Reported from a 2015 Survey of Public Aquaria
Salinity Duration Efficacy
(a) (d) (Reported)

20 n/s -
15 24 +
13 45 +
17-24 30-60 +
17 25 +
1315 16 +
15 30 +
1315 30 +/-
17 60 +

Ineffective Treatments

A number of treatment strategies have been reported as being ineffective, both in the
literature, and in a survey conducted in 2015 of 28 public aquaria. While some of these therapies
may have some shetigérm benefit in reducing aduN. mellenipopulations, over the longerm
they fail to control the outbreaks. While the more popular therapies, namely praziquantel and
trichlorfon have shown mixed efficacy, this is largely thought to be due to the wide disparity of
dosing schemes (as discussed above)ttaerd are some trends which may be useful in developing
a strategy to maximize efficacy (discussed below in Analysis of Treatment Strategies section).
Other chemical treatments, however, have been found to be either wholly or largely ineffective.

The first (modern) discussions of chemical treatments ag&lesbenedenian aquaria
come from Gallet de Saint Aurin et al. (1991), Thoney and Hargis (1991), and Mueller et al. (1994).
These early reports contained notes on the use of copper sulfate, oramali trichlorfon.
Trichlorfon has had mixed results, but the use of copper and formalin have historically been
ineffective, and this was further validated by surveys of public aquaria (Christie, 2006; Christie
2015). Formalin may offer some temporaepnieve by reducing parasite burden, but is overall
not an effective strategy for lortgrm management. Numerous other treatments have been
reported in surveys (Christie, 2015) that are puzzling: one aquarium reported treating with
di f 1 ubenzur)arsucded3fullyiwhidh nsEinsurprising as this compound is a chiton
synthesis inhibitor. Other facilities reported use of chloroquine phosphate, chloroquine
di phosphate, or chelated copper (CupramineE),
An investigation by Ohno et al. (2009) reported no effect of the antibiotics oxytetracycline,
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florfenicol, ampicillin, erythromycin, or sulfamonomethoxine Neobenedeniathough all of
these compounds could be useful in combatting secondary infectiottsxgeBom monogenean
infections.

Oral (Per Os)Treatments

Numerous oral treatments have been attempted to control a variety of monogene species,
and almost all have proven ineffective in closed systems. Most of the literature concerning
treatment strategies fo. melleniare focused on aquaculture, so extrajateof methods for use
in closedsystem aquaria must be done with caution, as efficacy in aquaculture is often defined as
keeping the fish stock alive long enough to bring to market. Eradication or contohwdlleni
in aquaria (as a function of whethone is an optimist or pessimist, respectively) requires a more
long-term approach, and many methods used in aquaculture are as-suitkdl] as they are more
likely to breed drug resistance over time. Effectively the use of some methods may buy a
temporary reprieve from morbidity and mortality and alleviate acute symptoms exhibited by
animals, while still leaving the chronic problems associated with ectoparasite infestations.

Despite their general lack of efficacy against monogenes, there idh# tHifiterature on
the various attempts to employ oral antihelminthics (Janse and Borgsteede, 2003; Hirazawa et al.,
2004; Christie 2006; Yamamoto et al., 2011; Christie, 2015; and Forwood et al, 2016) and they
are generally regarded as ineffective ibljpriaquaria. See the above discussion on the use of
praziquantel for more detailed information.

Biological Controls

In taking a more holistic approach to ectoparasite management the use of biological
controls has provided some solutions with surprising efficacy. Numerous cleaner organisms have
been employed in aquaria to control minor or latent infections in the eagtixironment. Up to
six institutions report using as many as nine species of cleaner fishes and decapods, the most
common being neon gobidslacatinus oceanop®6%), porkfish Anisotremus virginicug26%),
and various labrid fishes, including bluehed@ad yellow wrasse3hallasoma bifasciaturand
Halichoeres garnotirespectively (18%) (Christie, 2015). Given the problemNebbenedenia
spp. in aquaculture there exists a fair amount of literature on the use of cleaner organisms as a
control strategy De Souza et al. (2012) found that gobies could reduce levdlsrotllenias
much as 90% on groupers, though they disproportionately preferred larger fishes to clean.
Thallasoma bifasciaturandElactinusspp. gobies have been shown to reduce patasits ofN.
melleniby 50% or more in aquacultured fishes (Cowell et al., 1993).

Not all of the shrimps traditionally thought of as cleaner organisms had equal performance
on parasite reduction, McCammon et al. (2010) found Fremiclimines pedersonivas more
effective than other species at redudihgnellenj and has a significant effect on oncomiracidium
transformation. Overall numerous studies have found that the effect cleaners have is dependent
not only on the size of the host fishes (De Souzad.eP012), and the parasite load (Becker and
Grutter, 2005) but also the size of the monogene, with larger parasites being selectively removed
(Grutter et al., 2002). More recently, Militz and Hutson (2015) found that not only do cleaner
shrimps consumadult worms from fishes, but they actively consume oncomiracidia and even
feed on eggs. This finding is especially important because other than desiccation or hyposaline
inhibition there are no treatment or control strategies for reducing the vialbiMgabenedenia
ova.
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Nontraditional and Emerging Treatments

The severity of the threat posed Wy mellenito aquaculture has resulted in a wide range
of potential treatments being experimented with and subsequently reported in the literature. Some
of the more nontraditional areas of research include exploring natural immunity, application of
various herbal and phycological extracts, use of metallic nanoparticles, and the use of newer
antihelminthic formulations.

There are a number of newer antihelmiatimedications that have yet to see common use
in public aguariums againbL. mellenibut may hold promise. As new drugs come to market, the
economic considerations of applying them in large quantity in waterborne treatments is often an
expensive gambleNevertheless, some smaltale experiments from aquaria and reports from the
literature provide some examples of drugs which may merit lsc@e experimentation. One
example is in the application of metallic nanoparticles. The use of nanopartiaietivesy
vehicles for enzymes, drugs, and other bioactive compounds is a rapidly growing area of
pharmaceutical research, and there are some very preliminary investigations on the effects on fish
parasites. One study has been published on the effettefrsanoparticles on monogenes, and
has shown some promising, if preliminary, effects on gyrodactylid wanmstro (Pimentel
Acosta, et al. 2019). One of the authors (BLC) has conducted sraddl trials with mebendazole
dissolved in a methanol/formaxid solution at a 3mg/l concentration and found little effedtion

mellenit Chr i sti e, unpub. data), but a 5mg/ | al ben
in DMSO reapplied every third day for 21d has shown some promise (Christie, unpublmlata).

what may seem |ike the wultimate anthel minthic
been investigating the use of a product mar k

praziquantel, pyrantel pamoate, and fenbendazole with some suceesst agult monogenes
(MoralesSerna et al., 2018). Olivera et al. (2019) provided some data on the hematological
changes from levamisole treatment in lutjanid fishes infected Matbbenedenijabut failed to

note the effect, if any, on parasite burden.

Some botanical/phycological extracts have been examined for their effect on
NeobenedeniaExtracts of the algAsparagopsisvere shown to redudéeobenedenihatch rates
to 3% (versus 99% in control), and delayed the life cyclel@alfrom first to lashatch compared
to 57d in control) (Hutson et al., 2012). A number of other studies have examined the potential
application of garlicAllium sativum extracts againftleobenedenia Militz et al. (2013) found
the infection success dfeobenedenidroppedrom roughly 25% to <10% when fishes were fed
50ml/kg of a 200mg/ml garlic extract for 30d. No effect on parasitism was seen in this study in
fishes fed garlic for 10d, and interestingly effects were not greater with a higher dose (150ml/kg)
dose of gait extract (Militz et al., 2013). The effects of waterborne garlic extract on
Neobenedenihas also been examined, adult and juvenile worms seem to be unaffected at extract
concentrations up to 15, but at this dose hatch success dropped to 5% atwoharacidium
longevity was reduced to <2h (Militz et al., 2014). Lower concentrations of garlic extract showed
some effect on hatch rates as well, 25% hatch was observed @al/|Cail 11% hatch rate at
1.52n/1 (Militz et al., 2014). It is important to note regarding these garlic studies that they were
conducted with freshly prepared garlic extractions, as many of the bioactive organosulfur or
organoselenium compounds are highly volatile, and do not supvegaration or drying (Cai et
al., 1994, Amagase, 2006). The findings of these experiments cited should not be confused with
the propagation of pseudoscience regarding garlic supplementation and immunity that has plagued
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aquarium hobbyist magazines andlim® forums in recent years in an attempt to market
commercial products of questionable efficacy.

The immune response of fishes N@obenedenianfections is another interesting and
promising area of study, and immune response or lack thereof has lpdieated in some of the
disastrous outbreaks in aquaculture. In HaMaimellenioutbreaks occurred in sea cage tilapia
farms, and the intensity of the parasite outbreak was presumably due to the (normally) freshwater
species being exposed to a parasiittad not coevolved with, and therefore had no natural
immunity (Kaneko et al., 1988). In an investigation of whether tilapia could develop immunity
through injections of tissue extract Ruliimdoy et al. (2011) found no immune effect, but did
note thatthere were differences in susceptibility between natDrabchromis mossambicasd
hybrid Oreochromisvarietals. However, Kishimori et al. (2015) found that after a natural
infection, Oreochromis mossambicuid retainN. mellenispecific antibodies foup to 120d
which did confer some degree of protection against reinfection. Buchmann (1999) explored the
mechanism of these adaptive immune defenses in fishes against monogenes, and a release of
cytokines that leads to a decrease in parasite populagensgo be the primary method of action.
These fragmented studies offer a glimpse into the pafas#teinteraction and may lead to future
strategies for control or prophylaxis.

Analysis of Treatment Strategies

Leading up to a special sessionaoberdeniaat the AZA Annual Conference in Salt
Lake City a survey was conducted on the prevalence and treatment strategies from 28 different
institutions (Christie, 2015). Their responses allow some general trends to be identified, though it
is important tanote that cursory analysis of these data should be interpreted with cautior, as self
reported data are not the most robust from which to draw broad conclusions. To identify trends in
success or failure of the most common chemotherapeutic regimefashad\proportion test was
applied (assuming Z=2.31) to determine at which point the reported concentrations, durations of
treatment, and reapplication frequency favored success. Efficacy was scored as a binary
(1=reported effective, O=reported ineffectiveroixed results) for comparison against the other
factors in treatment strategies. It is worth noting that dntiNo-proportion test does not report
results with the same certainty as a more rigorous statistical method (i.e. those asi0garto
reportwithin a 95% confidence interval), but rather this test only determines if something is more
likely than not to occur from the given dataset. Thus, some trends may be identified which may
guide best practices for treatment, but should not be viewedyasadar concrete fact.

For prolonged immersion praziquantel treatments, this analysis showed that the
concentration of PZQ was surprisingly not a major factor in the likelihood of success (p=3.98042);
factors favoring successful outcomes were 1) at Bhstays or more of treatment (p=0.14858),
and 2) reapplication of drug less than every five days (p=0.39934). As shown above in Figure 10,
the area under the curve (AUC) of PZQ concentrations is also a useful metric when comparing
various treatment regiems (Table 3). Calculation of AUC gives a single number from which to
make comparisons, expressing treatment as milligtayps of praziquantel (n@® PZQ).
Treatments with higher n@j! PZQ values were more likely to be effective at preventing
recurrene of the parasite.
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Using the N1 two-proportion test with Z=2.31 and reported efficacy scored as a binary
(1/0) we are also able to draw some conclusions about the likelihood of recurrence of
Neobenedeniafter treatment. Risk factors for recurrencesaréollows 1) tank sizes over 100,000
gallons (p=0.10184), 2) lack of antihelminthic prophylaxis in quarantine protocols (p=0.00386),
and 3) lack of screening (scrapes/dips) before animals leave quarantine (p=0.28734). Surprisingly,
as many as 20% of instions report having no antihelminthic treatment as part of their normal
guarantine, and 44% do not routinely screen fishes for ectoparasites prior to release from
guarantine (Christie, 2015), and those facilities were statistically more likely td iepees with
recurrence oNeobenedenia their collections.

These data suggest that letigration praziquantel treatments with frequentreatment
are more likely to be effective, and also that having strong quarantine protocols in place with
proacive parasite screening are key to preventing outbreaks in aquaria.

Quarantine Best Practices

Prophylactic or responsive quarantine can be tailored towards the management or even
elimination of monogeneans in general, depending on certain infrastruqietsasf the display
facility. Aquariums operating closed systems with filtered, sterilized source water have the
greatest potential to actualize control Méobenedenijaespecially where effective quarantine
practices and prophylactic treatments are iadpfrom the very beginning of acquiring and
building the animal collection.

Quarantine systems should be designed to be as simple and effective at holding intended
collection species as possible. Tanks, sumps, piping and life support equipment should be installed
where quarantine staff are able to access, clean and disinfegisteen and its components. No
life support component currently in existence will fully elimindeobenedenitom infected fish,
but mechanical filters, fractionators, and sterilizers (UV, ozone) can all help to reduce successful
reinfection by oncomiradia provided adequate flow and turnover are utilized.

If prophylactic treatments are planned, remember that any wetted surface within a
guarantine system can harbor viable eggs and oncomiracidia. Isolating life support components
during bath treatmestwill provide a haven for those life stagesN#obenedeniand other
monogeneans. Reinstating those same components following the completion of treatment without
adequate disinfection protocols being observed effectively negates those treatmentsaatpplied
the goal of eliminatinfleobenedenialLong term baths (at least long enough to act on any hatching
larvae) that can be tolerated by established biofilters are best candidate treatments for complete
elimination. Fractionators and sterilizers shobkl deactivated for the duration of the bath
treatment to prevent removal and degradation of treatment chemicals.

General practices focused on reducing pathogen transference in aquariums absolutely
apply to combatingeobenedeniaExcellent biosecurity measures need to be enforced for the full
course of quarantine, both between quarantine and display systems and among all occupied
guarantine systems. Dedicating one or more aquarists to quarantine systems in use can make
maintainng these measures easier for the aquarium. Footbaths, gloves, medical aprons or scrubs,
and other forms of staff focused PPE and disinfection work to reduce risks of human vector
transference, and simultaneously help to keep staff alert regarding propecurity practices
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within quarantine spaces. Al I i n, al |l out o
out of each quarantine system maintains the efficacy of treatments by ensuring each fish receives
the same durations and dosages. [Caddt equipment and tools should be disinfected (to act on

free living stages) and allowed to completely dry (to desiccate eggs) between uses to reduce risks
of fomite transference.

Entry examinations (gross observation, dip sediments, skin scraped, ¢lipgj etc.) can
provide some initial information on the presence and prevalence of any ectoparasites infecting
newly acquired fishes. Exit examinations for fish that have completed their prescribed quarantine
should be thorough and involve all or agsii f i cant sampling of each
Confirmed or reasonably suspected persistend¢eobenedeniafection should be considered
and addressed before any fishes from the affected system(s) are approved for display.

Sanitization of Tanks and Equiipment

The resistance olleobenedeniaggs to chemical therapeutics and sterilants has been
problematic for aquaculturists and aquarists alike. The authors have found that expos@tes of 1
to 125250mg/I Ci, or 175mg/l HO2 have been ineffective foiilkng all eggs (Christie, unpub.
data). This stands in stark contrast to studies of other monogenes that have found chlorine
concentrations as low as 120mg/l for 3h to be effective agiaigitremaandEuryhaliotrema
sp. (FajefAvila et al., 2007). Hiazawa (2019) found that the egg\Nofgirellaewere resistant to
60mg/l CI and 100mg/l benzalkonium chloride for 24h, but were killed by exposure to 120mg/I
CI for 24h. Eggs oN. girellaewere also inviable after exposure to temperatures & $6r
1min. or by desiccation for 1h (Hirazawa, 2019). Cecchini and Cograattiale (2003) found
that desiccation was more effective than formalin or organophosphate exposure against the eggs
and embryos dDiplectanusm elegananother resilient monogene.

Screening for Parasites in the Aquarium

Aside from direct identification of parasites on skin scrapings on infected fishes, there are
a few techniques to screen for the harbingers of a parasite outbreak. First and foremost, freshwater
dips of fishes enterg and leaving quarantine allow dip sediment can be siphoned through a micron
sieve and examined microscopically (8D000vm is sufficient for adult worms, 1@@n should
suffice for most eggs and oncomiracidia) for direct evidence of infection. Smith(8048)
describe a more proactive approach whereby micron sieves were placed in the overflows of a large
marine tank, and examined regularly for ova, this was tracked and used to indicate necessity of
treatment, and the aggregated data also gives igsigbtcorrelations with other stressors such as
water chemistry, and with behavioral data such as frequency of scratching/flashing behaviors.

Polyester filter floss may also be used on the outflows of tanks, and periodically examined,
for the presencef eggs (Figure 12), though with this method one of the authors (JWF) has found
the large amount of additional detritus that collects in the floss disadvantageous for parasite
surveillance. FajeAvila et al. (2007) describe a delightfully simple and efifee parasite
surveillance technique where a cotton string is tied to an airstone; aeration acts as an airlift, moving
water (and parasite ova) constantly over the string, which entraps them and can be easily removed
and examined microscopically for pataseggs or cocoons of numerous taxa (copepods,
monogenes, leeches, et cetera).
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Figure 12 Eggs ofNeobenedenia sfrom a parasite surveillance program. These eggs were collected in polyester
filter floss, but micron mesh sieves or cotton string can also be used in parasite screening. In photomicrograph (B)
note the long filament (left) and two shorter filamentgkt) that are hooked distally as originally described by Jahn

and Kuhn (1932). These filaments act like heoikdl oop f asteners (i . e. Vel croE) an
numerous surfaceBhotos from the Point Defiance Zoo and Aquarium by J.WeFdg and Tai Fripp.

Preservation of Monogenes

Whenever possible, parasite specimens from skin or gill biopsies should be examined and
photographed while living, but often the rigors of the day to day routine of the aquarist or clinician
may require spEmens to be fixed and examined at a later date. With monogenes, especially
specimens which may be of research value, care should be taken in preservation to ensure that key
features are not obscured and/or that genetic material is available later. wMenow that
formalin destroys DNA and RNA (Strona et al., 2008), so specimens preserved for posterity or
destined for museum collections as vouchers are better preserved in ethanol (EtOH). An
investigation of monogene preservation techniques showed #sgrpation in 70% EtOH or
DMSO are suitable for morphological preservations and DNA amplification, while 95% EtOH
was suitable for the latter but not the former (Strona et al., 2008). Conventional methods for
preservation pf platyhelminths involve fixation a formaliracetic acid, ethanol solution (referred
to as FAA or AFA solution in the literature) either directly or after relaxation of the worms in
refrigerated seawater or use of an anesthetic (Schell, 1970). AFA solution is typically made of
50% ehanol, 10% formalin, 2% glacial acetic acid, and 38% DI water (Schell, 1970), and was the
gold-standard for many years.

Large monogenes such as the Capsalidae are difficult to stain, though for definitive
identification (especially oN. melleniwhen attempting to trace the path of haptoral tendons)
staining can be useful. Platyhelminths are typically stained with Sendichon Ac et oc ar mi
technique (see Hoffman, 1999). Typically, worms are destained in this process until the
musculature is a faint pink and internal organs are stained bright red, however, with the key
diagnostic features being the haptoral tendon¥.imelkni the authors have found it useful to
have a heavy hand when applying carmine stain, and destain to a lesser degree so these structures
are still clearly visible.
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Hematoxylin, or hematoxylin and eosin staining techniques are also commonly used on
monognes and are more readily available in most clinical settings, but require a long exposure to
penetrate these large worms. Note that the means of collection may impact the specimen(s), worms
collected from freshwater dips may show deformities as a resulie osmotic pressure. In
redescribingNeobenedeniaVhi t t i ngt on and Horton (1996) not
description (1927) of the testes was round and smooth, but in all the material they examined the
margins were more scalloped, and thatrttagginal skirt of the haptor was more pronounced (see
Fig.1). The original description (MacCallum, 1927) does not specify how the worms were

coll ected, but in the authorsd experience suc
collected in a feshwater dip as a result of osmotic pressure on the tissues. Itis interesting to note,
however, that the collector of these original specimens stated that shenhad success i n

of fresh wat e intrdating fistoaineeats (Mdllern,928)ese the exact mechanism
of collection of the original specimens remains a mystery.

Summary

This insidious ectoparasite has been with us for nearly a century in public aquaria, and
given its resilience to chemical treatment will likely continuelegpe aquarists for many years
to come. Many advances in management of these parasites have decreased the lethality of
outbreaks, and strategies for management have been largely successful at keeping the beast in
check, even if never achieving a decis’eé hec k mat e6 resulting-in eff
driven treatment strategies should be embraced to maximize efficacy of treatment and control,
including parasite surveillance of exhibits, strong antihelminthic prophylaxis in quarantine,
screening ofithes prior to release from quarantine, extended duration praziquantel application
with frequent redosing, use of protracted hyposalinity, strong biosecurity protocols, and
consideration of the parasiteods Ithefetucidatorc!| e an
of the full range of hosts will likely show thidieobenedenis a ubiquitous parasite of bony fishes,
though as this list grows and the taxonomic confusion betiNesrelleniandN. girellaeis further
resolved trends may emerge in hostfprences. Until such time as complete eradication is
possible, we, as an industry, will do all the running we can to stay in the same place.
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Avaginate Wonderbeast (a haiku) B.L. Christie

kill fish without heed
Neobenedenia
magnificent beast
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The Conqueror Avagniate WorimJ.W. Foster IV (with apologies to Edgar Allan Poe)

Lo! 6t is a capsalid blight
Upon the lonesome fish thegears!
An angelfish, befinned and bright
Flashing, and swimming in its tears,
Set in an aquarium, you see
A play of hopes and fears,
While the fishes retire fitfully
In boxes, cylinders and spheres.

Cleaners, in the form of wrasses try,
To pluck while takmates flow,

And hither and thither do they fly

Mere platters they, who come and go
At bidding of the nature of things
That shift the balance to and fro,

Suctioning, while their hamuli stings

Nearly Invisible Wo!

That motley dram@& oh, be sure
It shall not be forgot!

With its mucous supped upon evermore
By a crowd that it sees not,
Through a cycle of life that ever returneth in
To the seksame teleost,

And much of dermis, and more of fin,
Such great physiological cost.

But see, upon the oceanutp
A crawling shape intrude!
A colorless thing that writhes from out
The aquatic solitude!
It writhes!d it writhesid with mortal pangs
The trout become its food,
And aquarists sob at vermin fangs
And fishy gore imbued.

Outd turn out the lightd out all!
Canrot help but to pity,
The hosts, serve yet as mating stall,

Home to great fecundity,

Moribund, the angels, a cure their wish,

Their tissues taken by logarithmic storm

That this exhibit is the tragedy,

Infected by the Conqueror Avaginate Worm.

85



TRENDS IN AQUARIUM OPENINGS AND CLOSINGS IN NORTH AMERICA :
1856 TO 2020

Pete Mohan petemohan55@agmail.com

Editor, Drum and Croaker

This article began as a simple search for significant milestones in pubdidgiagthistory
that were related to the creation Dfum and Croaker(D&C) and the Regional Aquatics
Workshop (RAW). My goal was to identify potential changedemelopmerg in the community
that might have stimulated the need for the periodical in 1958 and the conference in 1989.
This led to investigations of other old aquarium meetings and their origins. As | searched for
stimuli promoting networkingl needed to exmine growth in the public aquarium community.
This became a slippery slope leading to an-exganding list of public aquarium openings and
closings Appendix1).

| focused on the public aquariums of North America because of my personal interest in
both RAW andD&C, which are both based in this region. | was one of the founding members of
the former in 1989. | 6ve been editing the | a
was needed againD&C had been dormant or issued in an abbrevitdadat for much of the
previous decade.

The Needfor Communication

In 1992 an Associated Press article describatlehr a  aspawiiirig lofethe Age of
Aquariums 0 a r i f f on a | ine from t hHair.o Naentheng s or
juxtapostion of this date, and those associated with the beginning of RAW, and the relaunch of
D&C. This period saw the opening of many major modern aquariums. As a result, there was an
exodus of experienced staff from older or smaller facilities resultimg inl oss of fAi nst
memory. o0 At the same ti me reakingdushbandsyreaeamcheamd e mp
breeding programs. A number of retirements and promotions (out of husbandry duties) also
deprived the community of the generation that el the aquarium community in the 1950s and
1960s. All of these phenomena required that younger curators and aquarists communicate more
for both professional and technical traininfhe RAW concept waenthusiasticallyembraced
andD&C responded to OR.

As it turns out, the need for formal communication was nothing new. In the 1800s and
early 1900s, curators and directors with scientific interests gathered at various zoological society
meetings. They also worked locally with supportive enthusiasietes. Professional
organizations for the public aquarium community came later, including the American Association
of Zoology Parks and Aquariums (AAZPA), founded in 1924. It appears that there was limited
participation by aquariums #teseearly AAZPA meetings. However, not unlike events of the
1980s and 1990s, a pulse of new construction in the 1950s likely led to the formatioAraitlaé
Aquarium Symposium. This was held in association with thmeecan Association of
Ichthyologists and Herpetbgists (ASIH) conferences beginning in 1955. The presentation topics
and importance of using social events to stimulate the exchange of information foreshadowed
RAW, and members of this group also began publisbi&§ as a mimeographed newsletter in
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1958. The Aquariunsymposia met with ASIH through 1970. In 1971 the grgaiherecht the
AAZPA meeting in Salt Lake City and agreed to merge its sessions with future AAZPA meetings.
AAZPA was later rebranded as AZA (the Association of Zoos and Aquariums).

While not thefocus of this article, it is important to mention that many international groups
were continuing to evolve as wel /. Notably,
Houseo at t he L onddtwasaatlongbefopeenn isn gil sipnefadihitted 3 .
throughout Europe and North Americehe currentWorld Association of Zoos and Aquariums
(WAZA) evolved fromthe International Union of Directors of Zoological Gardens (IUDZG)
which was originally foundeth 1935 ceased to exist duringafld War 2, and was reestablished
in 1946. D&C travel reportgrom the 1960s and 1970s confirm that mutual cpagbnation was
occurring across both the Atlantic and Pacific oceamsernational Meetings on Aquariology
wereheld in Monacan 1960,evidencethat the uptick in communication seen in the US was not
unigue. This gathering would become known as the first International Aquarium Congress (IAC).

As AAZPA became an independently chartered organization in 1972, the European Union of
Aquarium Cuators (EUAC) formed at the Basel Zoo in Switzerland, also the birth place of the
original IUDZG. TheEuropean Association of Zoos and AquafiAZA), an analog of
AAZPA/AZA, was founded in 1992, again paralleling the increased networking in North Asmeric

Many other regional zoo associations now exist globadilpst recently the National Aquarium

Wor kshop (NAW), created along the RAW model b
the pond, 06 began meeting inndl1999 for faciliti

Trends in Public Aquarium Construction in North America
DatalLimitations

While | have cast a wide net, | have likely not created a full list of all aquariums that
subsequently opened and closed in tHedrSarly 26" centuries.The internet was a major source
of data and it has its limit3here are probably a number of zoos that opgetieded or replaced
small aquariunexhibits in this era, but not every facility wants to advertise things it has torn down
on its home or wiki pges. Some zoos may have had small aquarium features before dpening
formal aquariumseflected hereirand these are rarely reported in the histories available online.
Some aquariums closed and no convenient record exists for teésulztt as for th€©cean Life
Park Aquarium in San Juanyé&to Ric9.

Somesmallaquariums are probably just lost to time and will only be found documented in
the archives of local historical societies. For example, there was apparently an attraction called
ADavey Lbarkeg® on Catalina Island (CA) back i
evidence online other than a pair of intriguing photos of exhibits facing out of the front windows
of the smalldocksidestructure.

A number of aguariums have closed for pesimf time because of reconstruction or
oversight issues. Recent examples include the Belle Isle Aquarium-220@% and Wonders of
Wildlife (2007-2017). Some institutions such as Steinhart, Scripps, and the National Aquarium
in DC have occupied multi@ structures. Other institutions have phased out old aquarium
buildings years after constructirsglditionalnew ones on their campuses (Columbus Zoo and
Aquarium) . Closure of individual buil dings a
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true aquarium buildings are present or built lat€éapsin operationor overlapsof new and
demolished buildingaregenerallynot reflected in my data for aquarium longevity.

| have also intentionally excludedostfacilities that contairaquaria, but were primarily
designed for other purposes. Restaurant chains and smaller nature centers largely fill this category.
| v@ attempted to includmarine science centers if they have recognized aquarium components
but 1 6m sure.l oveumiesds®Nd kapeelwads various | is
information from archive®&C i s sues, AZA distoriateunsin dlogs, lett. sotflesh

out the list provided in this article. Where conflicting data was found in multiple sources, | made
my best educated guess based on the provenance of the data.

With one exception, | have not reflected small aquariums mag Ibeen built in some of
the numerous amusement parks serviced by early train and trolley lines in many metropolitan
areas. The local Silver Lake Amusement Park featured the first aquarium in Ohio (Figure 1).
When the park closed in 1917 the building wesnantled, moved about a mile up the road (1920),

Figure 1 The Aquarium at Silver Lake Amusement Park, (now Silver Lake, OH). Photo courtesy
of, and with permissions bthe Akron Beacon Journalhis and other photos of the park may be
Viewed ont h 8umiit Memory we b s i fsadministdrad dyhth&kron-Summit County

Public Library (https://www.summitmemory.org/digital/collection/ABJarchives/id/6416ec
The rough similarity in construction to the New York Aquarium in Figure 2 is not a coincidence.
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and reassembled as a church. The structure remains in use, so it might technically be the oldest
remaining aquarium building in the continental Unifdtes, other than Castle Clinton, the site

of the original 1896 New York Aquarium in Battery Park. Ironically, the tiny Silver Lake Park
Aquarium was said to have been modeled on this much larger round bitdjoce 2)

Changing Stylesf Aquariums

Aquariums have always attracted visitors interested in oddities. In the early days this meant
any fishy menagerie behind glass. It m®t surprisingthat the first American facilities were
operated by P. T. Barnum (of circus fame) in NewkY@ity and Boston in 1856 and 1859. Both
were shoHived. The New York location was part of his American Museum and was destroyed
by fire in 1865. Bostonds Aquari al Gardens
closed the following year. Thanimals moved to his tiated New York location. What could be
worse? In France the collection of tha&rdin Zoologique d'Acclimatatiowasrumored to have
beeneaten during the 18701 Siege of Paris

After the fail ure of arildave that opaded in mgoe agtiestoveo n s
the next 60 years were typically associated with cultural, government, or academic institutions. In
1873Woodwar dos Ga r(Skhe Francis#y GA) and thel first iteration of the National
Aquarium both openedThe first Woods Hole Science Aquarium opened in 1885, followed a
decade later by the original New York Aquarium (Figure 2). The first edition of the Scripps
Aquarium opened in 1903, followed by the Ven{€@A) Aquarium/Marine Biological School in
1909, he Philadelphia Aquarium in 1911, the first iteration of the Steinhart Aquarium in 1923,
and the John G. Shedd Aquarium in 1929. Of these, only the Shedd continues to operate in its
original building. Many of the others continue in newer structures.

Aquarium and Flre Boat, New York

Figure2. TheNew Yor k Aquarium at Battery Park fibefore 192:
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Between 1930 and 1954, most new facilities were stdmade city or zoo aquariums
located in Texas, California and Ohio. While some major aquariums of tlascorginued to
open over the next decade (Vancouver Aguariun
profit, tourist destinations began to dominate new construction in thd98ids. Many of these
were oceanariums with increased focus on marine manxigigons. Marineland of the Pacific
led the way in 1954, followed by the Miami Seaquarium and Gulfarium in 1955. Additional
facilities included Marineland of Canada (1961), Aquarama (1962) the first Sea World in San
Diego (1964), Sea Life Park (1964)chSeaArama, (1965)Additional oceanariums opened later,
including three more Sea World parkég Ohio, Orlando, San Antonio), Marineland and Marine
World (CA), Sealand of the Pacifithe Mystic Aquarium and a few smaller locations.

CharieWhi t e6bs Undersea Gardens attractions W
aguarium barges moored along the west coast starting between 1964 and 1966. Each installation
consisted of a barge with underwater viewing, floating within a containment strtiwtiserved
as the main aquarium. They were located in Victoria, BC (Figure 3), Seattle, WA, Crescent City,

CA and Santa Barbara, CA. Some or all were built in Seattle and two remained in operation until
recently. The New England Aquarium borrowedlibege idea a decade later to create Discovery,
a floating, 1,006seat marine mammal stadium (decommissioned in 2004).

Figure3. Pacific Undersea Gardens, Victoria BC, 2011, Richard ErikssorkrFlic

Oceanariums and oceanarium additions to existingragus continued to be builirough
the late 1980s and early 1990s when the Indianapolis Zoo, National Aquarium in Baltimore and
Shedd Aquarium opened their marine mammal expansion projects, largely ending the active phase
in a 35year trend in the consitction of cetacean stadiums in North America.
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During this fAoceanarium erao other types o
marine science centers began to open in the 1970s and 1980s as well as a trio of North Carolina
Aquariums (1976) that &re later dramatically expanded.

In 1969 the opening of the New England Aquarium signaled the beginning of a new wave
of modern aquarium development. The facility was designed by Cambridge Seven Associates
who followed up over the years with major faods in Baltimore, MD (1981), and Chattanooga,
TN (1992). Other large, mostly ngumofit facilities have continued to open regularly until the
present day, but the peak in construction was during the early ib99@k. These are sometimes
collectively m own as fAbig boxo0o aquariums. Often cr
downtown areas, many initially struggled to meet optimistic budget forecasts. Most adapted over
the years, while a couple were rescued and returned to health under new management

The construction of the first Ripleyds Agqu
that new business models for private-for of i t aquari ums were feasib
second, larger facility in Gatlinburg, TN in 2000, and a third irofto in 2013. In the meantime,
Herschend Family Entertainmemad constructed the Newport Aquarium near Cincinnati (1999).

They later acquired the struggling New Jersey State Aquarium and relaunched it as the Adventure
Aquarium i n 20 0dsthe Dowhtawm dquarions in louséoa in 2003. They also
rescued afinancialg x hausted facility, Coloradods Ocean
as their second Downtown Aquarium in 20065.
operated largerakilities and have been particular about locating these in markets that would
support aquariums of those sizes. In 2008 the first U.S. Sea Life Aquarium opened in Carlsbad,
CA. Supported by a large international network of aquariums, they quickly adssedsibmewhat
smaller aquariums in Tempe, AZ (2010), Grapevine, TX (2011) and Kansas City, MO (2012).
They have continued to open new aquariums every one to five years. All four of the previous
companies value their participation in the AZA and work hardneet those husbandry and
operational standards. They have hired staff from the existing public aquarium community and
are active in our community.

While new major aquariums, facility expansions, and marine science centers continue to
open, the latestvave in new aquarium construction seems to be dominated by new companies
specializing in even small venues with lots of guest interaction. Many of these aquariums are
now opening annually Some have facedontroversy As of this writing, hey are notnembers
of either AZA or ZAA and heir participaton in other professional communication resouricas
so far been limited

Trends inOpenings and Closings

Between 1850 and 1940, a trickle of new North American aquariums opened each decade.
Unsurprsingly, no openings occurred during the World Wars, but a couple of facilities closed, one
due to decreaseadil access caused by WW1. After WW2 there was a brief pulse of construction,
then another lull during the Korean War. The first aquarium boomderas 1954 to 1970,
followed by a short lull in the early 1970s. The 1980s and 1990s were very busy, with construction
at double the levels seen during the first boom. There was another lull in the first decade of this
century, roughly coinciding witthe economic crash of 2008. While there were only two openings
in 20092010, the recovery period has been frenetic. New construction exploded in 2011 and has
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continued to the present (including announced openings in 2020)-reession, most new
facilities are smaller and associated with both new and established aquarium chains. A histogram
of aquarium opening by hatfecade is presented in Figure 4.

Overall, aquarium closing years track with the second wave of aquarium openings, both
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A few aquariums were extremely shévted. AsnotedearlieBBost on o6 s

Aquari al

closed after 4ears. Two early facilities in Seattle lasted less than a decade. That Undersea
Gardens location only survived 5 years and the first Seattle Aquarium closed after 7 years.
Aquarama in Philadelphia was also shuttered after 7 years. On the otherlendpddtrum, the

original National Aquarium (Washington, DC) survived 140 years (as an institution) in a number

of |l ocati ons
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Science Aquarium. One could argue that it gtdists, as the unrelated National Aquarium in
Baltimore assumed an operational role in 2003. The DC location closed in 2013 and the Baltimore
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Future Trends

Itis unclear whatliesahead but you dondt need a cryst
assumptionslt seemobviousthat we will continue to see the construction of the occasional large
aquarium in major citiesand marine science centers in coastal towns. It is a given that existing
coastal facilities will face accelerated challenges from hurricanes and risingvekaDamaged
seasideaquariums may need to be reconstructed to new stapndamsed tosecure inland
locations, or closed.

The explosion of small aquariums in suburban shopping areas will probably progress for
some time. Some limiting factors on newnstruction of these arall other types of aquariums
could come into play in the next decades. The scope, mission and vision of each aquarium, and
how they respond (or fail to respond) to pressures from both the public and zoo/aguarium
associations willmpact attendance. There may be competition for visitors in metropolitan areas
where they can choose among increasing numbers of varied aquarium opportunities with very
different missions Historically there have been a number of cities where two aquahawesce
existed. How many is too many? We will know soon.

The balance point between education and entertainment will continue to move in different
directions over timéperhaps at the same time} it always has. What will be the correct mixes
thatwill have value to future visitorsWhat will be the rewards or riskssociated witembracng
or dodgingthe highestcommunity standards for infrastructure, animal acquisition, and animal
welfare?

93



Major aquariums will continue to be focused on susthility. Conservatiorminded
facilities are alreadychoosng short supply chain sources of marine life (aquaculture and known
sustainablecollectors). Will those continuing to rely heavily on long chain suppliersmafine
species face increasingiticism, or will they simply serve a different customer bagt is
unaware or unconcerned about this i€sDeclining wild stocks of charismatic taxa sucltegain
groups ofelasmobranchs may lead to changes ingbeciescomposition of large aquarium
exhibits. Institutions that support successful research in captive breeding will be more likely to
house such speciedf restrictions arise fothe sustainable collection ofarine specie®nly those
institutions that can participate in research inéptive breedingnay have access to certain
species.

| think one thing is certain. Television, virtual reality or other future audioal
technologies will never fully replace the expade of observing a live marine animal in the flesh.
While pressures on wild communities may lead to some reduction in the diversity of fishes in
public aquariums, travel opportunities to see marine life in the wild may also become more difficult
for the average citizen as pristine areslsrink, disappear, doecome less and less accessible.
Aquariums will continue to serve as ambassadors for ocean conservation because they create an
authentic, irperson connection that is affordable for the average family

Appendix ontinued on next page

Geoduck(Panopea generosa) Bruce Koike
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Appendix1. North American Aguarium Openings and Closings from 1956 to 2020.

Year
Opened

Institution Name

Year
Closed

Years in
Operation if
Permanently

Closed

Years in
Operation if
Still Open in

2020

1853

London Zoo Fish House, UK
(first public aguarium)

2019

166

1856

P. T. Barnum's
Museumodo Aquari

1865

9

1859

Boston Aquarial Gardens, MA
(became second Barnum site)

1863

4

1873

Woodwarddés Gar
Aquarium, San Francisco, CA

1891

18

1873

NationalAquarium of
Washington DC.

2013

140

1885

Woods Hole Science Aquariun
MA.

135

1896

New York Aquarium (Castle
Garden in Battery Park), NY.

1941

45

1903

Scripps Aquarium at La Jolla,
CA

117

1904

Belle Isle Aquarium, M.

116

1904

Waikiki Aquarium, HI.

116

1907

Silver Lake Amusement Park
Aquarium, OH.

1917

10

1909

Venice Aquarium, CA.

1920

11

1911

Philadelphia Aquarium, PA

1962

51

1923

Steinhart Aquarium, CA.

97

1926

Bermuda Aquarium, Museum,
and Zoo

94

1929

Shedd Aquarium, IL.

91

1930

Depoe Bay Aquarium, OR.

1998

68

1935

Cabrillo Marine Aquarium

85

1936

Tacoma Agquarium, WA.

84

1936

Dallas Aquarium at Fairpark,
TX.(Chil drenés

84

1937

Seaside Aquarium, OR.

83

1938

Pier 3Aquarium / Pier 54
Aquarium (first Seattle
Aguarium, WA).

1945

1939

Toledo Zoobds A

81

1946

Key West Aquarium, FL.

74

1947

Hermosa Beach Aquarium, CA

1958

11

1948

San Antonio Zoo Aquarium,
TX.

72

1950

Bo Ginn National Fish

Hatchery and Aquarium, GA.

70

95

Year
Opened

Institution Name

Year
Closed

Years in
Operation if
Permanently

Closed

Years in
Operation if
Still Open in

2020

1954

James R. Record Aquarium at
the Fort Worth Zoo, TX.

2002

48

1954

Marineland of the PacifijiPalos
Verdes,CA.

1987

33

1954

Cleveland Aquarium (Gordon
Park), OH

1985

31

1954

Columbus Zoo Aquariums, OH

66

1955

Miami Seaquarium, FL.

65

1955

Gulfarium, FL.

65

1955

Westport Aquarium, WA.

65

1956

Marine Life Oceanarium, MS.

64

1957

New York Aquarium (Coney
Island), NY.

63

1959

Aquarium du Québec, QC.

61

1959

Memphis Zoo Aquarium, TN.

61

1960

Calgary Brewery Aquarium

1972

12

1960

Morro Bay Aquarium, CA.

2018

58

1960

Gavins Point National Fish
Hatchery, SD.

60

1961

Marineland of Canada, ON.

59

1962

Seattle Marine Aquarium (Pier
56, second Seattle Aquarium)

1977

15

1962

Aquarama, PA.

1969

58

1964

Undersea Gardens, Victoria,
BC. (Pacific Undersea Garden

2013

49

1964

Aquatarium, FL.

1977

13

1964

Sea World San Diego, CA.

56

1964

Under Sea Gardens, Crescent
City, CA.

56

1964

Sea Life Park, HI.

56

1965

Undersea Gardens, Seattle, W|

1970

1965

SeaArama Marineworld TX.

1990

1965

Aguarium of Niagara Falls, NY

55

1966

Undersea Gardens, Newport,
OR.

2019

53

1966

Montreal Aquarium, QC.

1991

25

1966

Undersea Gardens, Santa
Barbara, CA.

54

1967

Oceana Aquarium at Cedar
Point, OH.

2001

34

1967

Seafloor Aquarium, Nassau,
Bahamas.

1989

22




Years in Years in
Year Institution Name Year Operation if Operation if
Opened Closed | Permanently Still Open in
Closed 2020
1967 | Pittsburgh AquaZoo, PA. 53
1968 | Marine World, CA. 52
1969 | Sealand of the Pacific, BC. 1992 23
1969 | Aquarium of Cape Cod, MA. 2013 44
1969 | New England Aquarium, MA 51
1970 | Sea World of Ohio 2004 34
1970 | Gulf World, FL. 50
1971 | Ocean Life Park Aquarium, PR ? ?
1972 | Mount Desert Oceanarium, Mg 2019 47
Huntsman Marine Science
1972 | Centre, St. Andrews, New 48
Brunswick.
1973 | Mystic Aquarium, CT. 47
1973 | Sea World of Florida 47
1976 North Carolina Aquarium, 24
Roanoke.
1976 N_orth Carolin@Aquarium, Ft. 44
Fisher.
1976 North Carolina Aquarium, Pine a4
Knoll Shores.
Seattle Aquarium (Pier 59, thir(
1977 city aquarium), WA. 43
1978 | Sea World Shark Institute, FL 1982 4
Minnesota Zoo Aquariurfirst
1978 of multiple projects) 42
Marine Science Center at Mote
1980 Marine Lab (Mote Aquarium). 40
Kipp Aquarium at Houston
1980 700, TX. 40
1980 | Roundhouse Aquarium, CA. 40
National Aquarium in
1981 Baltimore, MD. 39
1981 Ell_earwater Marine Aquarium, 39
New Brunswick Aquarium and
1982 Marine Center, Shippagan. 38
Cold Spring Harbor Fish
1982 Hatchery & Aquarium, NY. 38
J.L. Scott Marine Education
1984 Center and AquariupMs. 2005 21
1984 | Monterey Bay Aquarium, CA. 36
1986 |T:Ee Living Seas, Disney/Epcot] 34
1986 Virginia Marine Sci Ctr 34

(Virginia Aquarium)
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Years in Years in
Year Institution Name Year Operation if Operation if
Opened Closed | Permanently Still Open in
Closed 2020
Sea Center, Santa Barbara
1987 | Museum of Natural History, 33
CA.
Maritime Center opens in
1988 | Norwalk, CT. (Maritime 32
Aquarium)
1988 | Pier Aquarium, FL. 32
I ndi anapolis Z
1988 Aquarium, IN. 32
1988 Indianap_olis Zoo Aquarium ang 32
Oceanarium, IN.
1990 | Aquarium of the Americas, LA. 30
1990 | Tarpon Springs Aquarium, FL 30
Gulf Specimen Marine
1990 Aquarium, FL. 30
1991 | Jenkinson's Aquarium, NJ 29
1992 | Seacoast Science Center, NH. 28
1992 | Acuario de Veracruz, Mexico 28
1992 | Tennessee Aquarium 28
1992 | Montreal Biodome, QC 28
New Jersey State Aquarium
1992 (Adventure Aquarium) 28
1992 | Oregon Coast Aquarium 28
1992 | Texas State Aquarium 28
1992 | Dallas World Aquarium. TX. 28
Calvert Marine
1992 Estuarium, MD. 28
1993 | World Aquarium, MO. 27
1994 | Nauticus, Norfolk, VA 26
1995 | Florida Aquarium 25
Henry Doorly Zoo, Scott
1995 | Kingdom of the Seas Aquariun 25
NE.
1995 | Maine State Aguarium 25
Living Shores Aquarium, John
1995 | Ball Zoo, Grand Rapids, MI. 25
Replaced an older aquarium.
1996 | Underwater World, CA. 24
1996 | Sea Center Texas 24
1996 gaAnta Monica Pier Aquarium, 2
Underwater World, Mall of the
1996 Americas, MN. 24
1997 | Maria Mitchell Aquarium, MA. 23




Years in Years in
Year Institution Name Year Operation if Operation if
Opened Closed | Permanently Still Open in
Closed 2020

1997 (I—)Ie;\’tfleld Marine Science Cente| 23

1997 | Ripleys Aquarium, SC. 23

1998 | Aquarium of the Pacific, CA. 22

1998 | Maui Ocean Center, HI. 22
Estuarium at Dauphin Island

1998 Sea Lab, AL. 22

1998 | Alaska Sealife Center 22

1998 | McWane Science Center, AL. 22

1999 | Newport Aguarium, KY. 21

1999 | Atlantic City Aquarium, NJ. 21

1999 M|§5|SS|pp| Museum of Natural 21
Science
Col oradobds Oce

1999 (Downtown Aguarium, Denver) 21
Moody Gardens Aquarium

1999 Pyramid, TX. 21

2000 | Great Lakes Aquarium, MN 20
Seymour Marine Discovery

2000 Center,CA. 20

2000 | South Carolina Aguarium 20
Ri pl eyb6s Aquar

2000 Smokies, TN. 20

2000 fl(]/ark Reef at Mandalay Bay, 20

2000 | Discovery Cove, Orlando, FL. 20
Atlantis Marine World, NY.

2000 (Long Island Aquarium) 20
Wonders of Wildlife Museum

2001 & Aquarium. 19
National Mississippi River

2003 Museum & Agquarium, 1A. 7
ECHO, Leahy Center for Lake

2003 Champlain, VT. 7

2003 _Il?)czwntown Aquarium, Houston 17
Loveland Living Planet

2004 Aguarium, UT. 16

2004 | Flint River Aquarium, GA. 16

2005 | Georgia Aquarium 15

2006 | Central Coast Aquarium, CA. 14
Reiman Aguarium at Discovery

2006 World, WI. 14

2007 Sitka Sound Science Center, 13

AK.
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Year
Opened

Institution Name

Year
Closed

Years in
Operation if
Permanently

Closed

Years in

Operation if
Still Open in

2020

2008

Sea Life Aquarium at Legoland
California Resort, CA.

12

2008

Aquarium at Wildlife World
Zoo, AZ.

12

2008

MaST Center Aquarium, Des
Moines, WA.

12

2009

Shaw Centre for the Salish Se
BC.

2010

Sea Life Arizona, AZ.

2011

Sea Life Grapevine, TX.

2011

Idaho Aquarium.

2011

Agquarium and Shark Lab by
TeamECCO, NC.

2011

Butterfly House and Aguarium,
SD.

2012

Portland AquariumOR.

2015

2012

Greater Clevelandquarium
(Flats), OH.

2012

Sea Life Kansas City, MO.

2012

South Florida Science Center
and Aquarium, FL.

2012

Peoria Riverfront Museum, IL.

2012

Ucluelet Aquarium, BC.

2013

Discovery Passage Aquarium,
BC.

~ (0o0f0Oof ©O |0O| ©©

2013

Ri p | Agyadus of Canada,
ON.

~

2013

Greensboro Sci

Wiseman Aquarium, SC.

2013

Austin Aquarium, TX.

2014

Sea Life Charlotte, NC.

2014

San Antonio Aquarium, TX.

2014

Acuario Inbursa, Mexico City.

2014

Florida KeysAquarium
Encounters, FL.

2015

Sea Life Michigan.

2016

OdySea Aquarium, AZ.

2016

Alberni Aquarium and
Stewardship Centre, BC.

A (O] O (OO0OO0O|N] N

2016

Via Aquarium, Schenectady,
NY.

2016

SeaQuest Las Vegas, NV.

2016

SeaQuest Layton, UT.

2017

Nicholas Sonntag Marine

Education Centre, BC.

W (A




Year
Opened

Institution Name

Year
Closed

Years in
Operation if
Permanently

Closed

Years in
Operation if
Still Open in

2020

2017

Shreveport Aquarium, LA.

3

2017

Acuario Michin, Guadalajara,
Mexico.

w

2017

Philip and Patricia Frost
Museum of Science, FL.

2017

SeaQuest Fort Worth, TX.

2017

East IdahdAquarium, ID.

2018

SeaQuest Littleton, CO.

2018

Electric City Aquarium &
Reptile Den, PA.

2018

SeaQuest Folsom, CA.

2019

St Louis Aquarium at Union
Station, MO.

2019

SeaQuest Fort Lauderdale, FL

2019

SeaQuesRoseville, MN.

2019

SeaQuest Lynchburg, VA.

2019

SeaQuest Woodbridge, NJ.

2019

Blue Zoo Spokane, WA.

2020

Mississippi Aquarium, MS.

2020

Sea Life East Rutherford, NJ.

2020

Sea Life San Antonio, TX.

2020

Blue ZooOklahoma City, OK.

2020

7 Seas Aguarium, TX.

2020

Aquarium at the Boardwalk,
MO.

O |O|0|0C(0|0|FR|(FP(FPIFR[F] P IN| N [NWW|l w
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DaphniaCULTURE MADE SIMPLE

Doug Sweet Superintendent
Douglas.Sweet@dnr.state.oh.usweets4@att.net

London StateFish Hatchery, Ohio Division of Wildlife

Edi t or:@sug WNastthe Curator of Fishes at the Belle Isle Aquarium in
Detroit, MI. This article is based on experiments dahbomen the early 1990s
and later incorporated into standard practices at the aquariurhastbeen shared
with varioushobbyist newsltters, pamphlets, and web pages since the early er mid
2000s.

Instructions for Maintaining Daphnia Cultures

Daphniaare one of the finest and most universally accepted live foods for most fish. Many
fish speciexan be kept in excellent physical condition by feeding deg@hniato them several
times per weekDaphniaare extremely effective at bringing many fish isfmawning condition.
This is especially true faryprinids (carps and minnows) like goldfish, barbs, danios, etc.

Daphniacan be cul tured in just about any <cont
Ideally, aquariums should be used, especially for the beginner since you can keep better track
visually onthecul t ureds progress, how muchcetotherf eed,

containers may be useslich as Rubbermaid tubs or trash cans. The minimum size container
recommended is 20 galloakhough small quantities may be reared in smaller tanks.

Daphniaprefer cool water. Temperatures between 65 and 70 degreesatedsal. So,
it is best toculture Daphniain your basement or other cool locations around your house. At
temperatures above egreesDaphnia magnabegins to slow in production. Cultures will
survive at warmer temperatures lgat not expect much from them during warmest months of
summer.

DaphniaDiets

Daphniacultures can be fed one or several of the following feeds:

Spirulina algae (available thrgh aquaculture supply companies and health food stores).

Chlorella algae (available at health food stores.)

Green water (containing algae likekistrodesmuandScenedesmuspp).

Microfeast (larval shrimp feed available from aquaculture supply companies)

Active bakerdos yeast (available from whol esa
Artificial Plankton Rotifer (larval fish feed available from aquaculture supply companies).
Powdered split pea soup mix (from a bulk food store).

Whole wheat flour (from a bulk foodse).

Dougb6s mi x.

a. 1 part soy flour.

b. 3 parts whole wheat four.

c. 1 partdry split peas (finely ground to a flour like consistency).

d 3 parts bakeroés active yeast.

CoNoOhWNE

99


mailto:Douglas.Sweet@dnr.state.oh.us
mailto:sweets4@att.net

e. 1 part paprika.
f. 2 parts dried chlorella algae.

My experiments have indicated tl@hlorellaal gae and the active bal
easiest andthost effective feeds to work with when culturing.

The split pea soup and whole wheat and soy flour feeds are mixed with powdered paprika
(about ongoartpaprika to ten parts soup mix or flour). The paprika is used as a color enhancer for
you fish. | have worked out a generalized quantity of feed&phniacultures. This quantity is
listed in the followingchart (Table 1).

Table 1 Approximate Amountsot FeedDaphniaTanks

Density of Daphnia per Culture Tank Size

20 ml sample 20-gallon 40-gallon
20+ 2+ teaspoons (tsp)/day | 4+ tsp/day
127 20 1 2 tsp/ da|2i4tsp/day
579 3/4 tsp/day 1 1/2 tsp/day
114 1/4 tsp/day 1/2 tsp/day
011 1/8tsp/day or less 1/4 tsp/day

There are two ways you can feBadphniacultures. One is a visual judgment of water
clarity and is described below. The second is to mobisphniadensities by using a test tube or
cuvette attached to a wooden dowel rod. Randomly sample the culture multiple times at various
depths and get aaverage count of the number@aphniaper milliliter. Use the above table as a
guideline for how much to feed. You may need to make your own chart depending on the type of
food you are feeding. The above table gives a good starting point. Match thecadenagy of
Daphniato the size of tank used and feed an appropriate amount of feed. | believe the above,
monitoring density and using the chart method, is better for beginners. This is crucial. Starting
Daphniacultures, it is very easy to overfeed bexas you do not have the bi
utilize the feed added to the tank. The uneaten food rots, produces too much bacteria and fouls the
water eventually causing a collapse and loss of the colony. Note: if you get a starter culture of
Daphniafrom a fish auction, they are usually in a fish bag. Adding this bag tegalih tank
you are going to have far fewer tharbaphniaper 20 ml sample. So, you need to feed a very
small quantity probably like a pinch per day. Only whenDaphniahave reprduced to some
detectable level between 0 anBdphniaper 20 ml do you dare to increase the feed to 1/8 teaspoon
or so.

The ideal level to feed thBaphniashould be enough to cloud the tank up to slightly
noticeable opacity. One day later, that same=wsiiould be crystal clear. If the water clears up
sooner than one day, too little is fed. If the water is still very cloudy the next day too much has
been fed. So, adjust quantities accordingly.
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Regular water changes need to be performeDaphniatanksas well as fish tanks. The
bare minimum that ®aphniatank, at full production, should be changed is two 25% water
changes per week. If watehanges are done more frequent than this, it is possible to see an
increase in production.

Water changes obaphniatanks can be performed by siphoning water using a fine screen
to cover thantake end of the siphon. Be sure to shake off Raghniaadhering to this screen
before the screenvgithdrawn from the tank. Alternately, you may conmthe water change with
harvesting by siphoningff the tank into a very fine mesh screen or net. Feedin@épdnia
collected during the water changeyour fish.

Aged, dechlorinated tap water is neededdaphniacultures just like for fish. Chlorine
will be rapidlylethal toDaphniaso you must dechlorinate or age tap water before it is used on the
Daphniaculture.

Selective harvesting @aphniacan be done with a course meshed fish net. Using a course
mesh willallow the youngesbaphniato escapdor further growth while entrapping full grown
Daphnia

All Daphniatanks should be at maximum standing crop (D@phniaper 20 ml) within
several weeks dftarting the cultureDaphniatanks not reaching standing crop must be closely
inspected for flatorms, hydra, or other pests. If infested, the culture must be discarded, and the
container disinfected aradleaned to eliminate the pest.

Daphniacultures should not be harvested until they reach a minimum average density of
10 Daphniaper 20 ml. Daphniashould not be harvested at a rate that decreases their numbers
below 10Daphniaper20 ml. In other words, do not harvest more than what would decrease the
total average numbers beld® Daphniaper 20 ml. There should always be at leasDaphnia
per 20ml. Higher numbers should lad¢tained before harvest, only slightly lower after harvest.

Periodically,Daphnia culture tanks, especially ones at full production, will need to be
cleaned mor¢horoughly. If the walls of the tank become covered with detiris can be scraped
off. If excessivedebris accumulates on the bottom of the tank, this can be siphoned off into a
bucket. Allow the debrito settle, then pour tHeaphniafrom above the debris back into the tank
and discard the debris. #éxcess debris is not cleaned out eventuallyDaphnia will suffer
Af oulingodo of tthoecialega(swimeime and feeslingdimbd) and this situation
must be corrected. Thiseasily observed s fAj unk o, debris and spider
below theDaphniaas it swims. | assume thisj u n k 6 p Dapknafrom properly feeding
or perhaps mol ti ng inecsssagytoxcarrecethiesttuatim ordesforthe i t 6 s
culture to thrive.

Snails should be present in eveddaphnia culture to clean up uneaten, settled food
particles. If snaildecome overabundant, they need to be harvested and fed off to snail eating fish.
Alternately, somé&aphniacultures come with small oligochaete worms (llxero digitatg with
them. These perform tteame job as the snails, and can be harvested to feed the fish too. It is even
possible to culture Californialackworms(Lumbriculus variegatusyr perhaps tubifex worain
the bottom oDaphniaculture tanks. If this is done it may be necessary to feed the cultures at a
slightly higher rate to be assured enough foadkes it to the bottom for the worms.
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Airstones in allDaphniatanks should be running pretty well. siones running hard
enough toconstantly stir and swirl all thBaphniathrough the wateare appropriate Daphnia
must not beollecting or grouping up near the water surface or close to lights, etc. If they are doing
this there is noenough water aeratn. Strong aeration is necessary to keethehniafeed in
suspension. | haveeen some reasonably succesB8faphniacultures with very little aeration.
However, to achieve thgields listed below adequate aeration is a must. Remember that
microscopic dod particles need to beept in suspension for tHeaphniato feed. If the food is
settling before th®aphniacan eat it, you arenly feeding your snails or worms.

Following the above instructions, it is possible to produce 4 to 5 ounces (wet weight) of
Daphniaper 40gallons ofDaphniaculture per week. Therefore, if you go through about one
pound of frozen brineshrimp per month, you could simply substitute agdllon culture of
Daphniato produce the foodeeded to supplement your fish.

Aut hordés Addendum

| have been a fish hobbyist for about 35 years and a professional fish biologist for 27 years.
During manyof these years | have had the opportunity to @aegghniain containers ranging from
2-liter soda pooottles up to 1,20@allon vats. The above instructions will not guarantee you will
have success witbhaphniaculturing but should go a long way to getting you started. Here | will
share other secrets$oaess.

In 1992 | conducted an experiment to determine the best and mestfeosht feed to
raiseDaphnia This study was inspired by the sudden lack of a very doaghniafeed many
hobbyists usedinthe9 70s t hr ough 1980s. Many hobbyi sts
successfuDaphniaculturemet hods using #Aspl it pea and ham
baker 6s dri ed vy e alanghammerAthecyeastdseemg to make DAghma
reprodiuce quickly, while the split pea and ham souig made thédaphniagrow big and robust.

The ham chunks in the split pea and ham soup mix served as food fDetimyigitataworms
that shared thBaphniacultures. The dehydrated ham chunks would eventaailk to the bottom
of the tank and th®ero digitataworms clustered and fed on tdecomposing ham. These tiny
worms, like miniature tubifex worms, are also a great food to feed BsmallThis system worked
very well for Jim Langhammer and | when first culturidgphnia The split pea and ham soup
mix could be purchased from bulk food stores. Sometime in the late 1980setrlth&990s the
split pea and ham soup mix suddenly meeainavailable. Bulk food stores that caritet longer
did. So, | had to find a good substitute.

Doing literature searches @aphniaculture you come up with a bewildering array of
waysDaphniacanbe cultured in the laboratory, primarily for toxiogly studies. Everything from
manure, yeast, livp hyt opl ankton (micro algae), finely g
manure (from apple snailgp soy flour and other finely ground foods have been cited as foods for
Daphnia Often, some of theset ems donét ser ve Dhphnigloutthey as f
microorganisms like fungi, yeast, bacteria, gnotists that grow in the water and are feeding on
these items as they decompose is what serves a$ofotbe Daphnia The critical component to
using decomposing organic matter as food BD@aphnia is quantity. If too much is fed, the
decomposing matter grows too much bacteria, causing the wabsctone too cloudy with
ensuing water quality probl em®APHNIACULTERESERY EA
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CAUSING CATASTROPHIC COLLAPSE OF THE COLONY. Not sure what kills Bephnia
but it could be depleted oxygen, high ammonia, high nitrites, high nitrates or high phosphates.
Something kills them off if overfed.

Literature searching on water parametershtvDaphniaare sensitive, you find that they
are fairlytolerant of ammonia, intolerant of nitrites, somewhat tolerant of nitrates, and have an
interesting relationship with phosphorus. It turns out tHaaphnia use phosphorus as an
environmental cue toeproduce or not. In natur®aphniareproduce most rapidly when algae
(phytoplankton) are rapidlgr owi ng since micro algae (phytop
Daphniain lakes and ponds. Wheatgae are rapigilgrowing and is at a high density, phosphorus
in the water is usually low, because thlgae are rapidly using this up as a food source. So,
Daphniareproduction is linked to phosphorus levélggh phosphorus indicates to tBaphniad s
physiology theres no food (i.e. algae) in the water arehse reproduction. Low phosphorus level
indicates to th®aphniadd s physi ol ogy algae levels s kick veprabducboa intb i g h
high gear. This is one of the reasons water changes are very crifiaglioia culture success!

Daphniasensitivity to nitrites may be the explanation why cultures often fail roughly one
to three weekgpost initiation. This is just about the right amount of time for the nitrogen cycle to
proceed from a higammonia level to highitrites. SoDaphniaalso need biological filtration just
as a fish tank does. Thisase of the reasons why | advocate using many snails or other aquatic
organisms to consume uneaten food. Uneaten food as it decomposes contributes to the ammonia
and sisequent nitrite spike. Thaore quickly this food is assimilated into body mass the less
nitrite will end up in the water. Snailshelsoul d al so serve as a | ivin
bacteria to convert the ammonia to nitrites and katentrates You cano6t have a s
under gr avbBaphnidtank sineerthis media avittap Daphniafood before they get a
chance to eat it. Therefore, you need some other substraté¢anittte serve as biologically active
media. Hence snailg) my opinion, are a quick way to solve tpi®blem on several levels. Snails
eat and assimilate some of the uneaten food and their shells sdsvie @as medi a f or ni
bacteri a. |l repeat this twice because itds cr

When you hav®aphniain a dosed environment it is very easy for phosphorus levels to
climb quickly especially when you have a high standing crop, and since you are adding quantities
of food. All biological materials contain phosphorus so each time yolDagitiniafeed to the
tank you areincreasing phosphorus levels and effectively shutting off their reproduction.
Therefore, water changese necessary to flush away excess dissolved phosphorus. The water
changes also diminish nitrites andrates which also are detrimental to theelfare. This is
extremely crucial when you getteaphniac ul t ur e real ly going in the
mode discussed in the first part of this papeyolf do not harvedbaphniag at the same time you
do a water change, several times per wde&phnia numbers can quickly plummet and
reproduction can be shut dowatefMMhchangé, thamsyv
feed, water change, harvest. If you stick to a schedule like this yosuatiessfully keepaphnia
If you feed, feed,fat, f or get t he wat er cDaghmagutyrewillomosg et t o
likely crash. If you forget to feed, forget to water change, you will never érameghDaphniato
make it worthwhile.
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Close observations of yolraphniaare also necessary farccess. This is why | advocate
usingaquariums for the beginn&aphniaculturist. If anyDaphniapredators, such as planaria
flatworms likeDugesiaget into the culture they will eat away the profitability of your operation.
Likewise, hydra willwreak hawc too. Close observations of the glass walls of your culture
aquarium will tell you ifflatworms or hydra are present. If they are it is best you start over again
with clean aquaria and neaphnia If you must usé®aphniafrom the contaminated colony be
sure to carefully net out onlysama | | number of Acolonistso to s
avoid capturing any hydra or planawéh them. Do not just scoop a bunch of debris@aghnia
from the contaminated tank as the delils likely harbor flatworms, hydra, or resting eggs or
cysts of these pests. Be sure to isolate only pagghniato go to the new culture.

Daphniacan get parasites. More than one time, some oDagyhnia cultures became
contaminatedwvith a microsporithn type parasite. The will cause théaphniato decrease
reproduction. Mostmportantly, this disease will make tiEphniavery opaque, or unusually
white colored. When you seelarge number dbaphniabecoming extremely white and opaque,
it is best to destroy the colonpdstart over again.

Close observation of youbaphniawill give you more clues to how the population is
doing. Rememberou are managing a population and therefore you need to know something about
demographics inorder for your colony to thrive. If you see nothing but small, yddaghnia in
your culture, youmaybever harvesting or ités a freshly
production. If most of th®aphniaare large behemoths then you are probabtyemr har vest i
or your culture has not been reproducivegl so you need to adjust accordingdaphniatypically
only live about 21 to 28 days before they die (at room temperature and in a rapidly growing colony)
so plan accordingly. If you see mosthgtaphniaa large portion of these should be culled out
and fed to your larger fish before they perigtereby making room for younger animals in the
colony. Ideally, a thriving colony should have a healthy mixture of all ages of animals. Plenty of
newyborn young with a | ar gasonable mimberof logoldsdultsalla d ul t
should be represented in the population. If you see anyone hggass over represe
indicate a change in management plans is necessary.

Daphniawill give you other clues to how they are doing. Normally, under ideal conditions,
all Daphniaare females and reproduce by parthenogenesis. That is, their eggs develop without
being fertilized by anale. These eggs all develop directly into tiny fentddphniathatare born
from the mother. WheBaphniac ol oni es become fAstressedd by poc
or not enough food, higlemperatures, low temperatures, etc. thdeaale population will start
to produce some tiny maleBhese males then mate withe females and the resulting eggs that
are formed are Aresting eggso. These eggs ar
eggs form an fepthémpoheDaphdissdr baa#tdl e Thhms saddl e
or bl acki s honihe lBaskeftthéetnale and ig rdadily visible to the naked eye with
close observation. If you see these ephippium formin@a&phniain your colony, it is a clear
indication something needs to be changed quickly. Ewxteer changes, more feed, heavy
harvesting, etc. Something needs to be corrected before your coltapses. These resting eggs
are designed to survive harsh conditions such as winter freezing, suraireenrd dry periods
where the pond completely dries up, or periods where therda®doSo, if you see these forming
it is a clear indication youDaphniat hi nk it 6s time to aestivate a
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conditions are improving enough for them to pull out of this reproductive rRoelane mb er éf ee d,
feed, water change, harvést eed, f eed, water change, harvest

So, back to my experiment mentioned previously. In 1992 | set up a replicated experiment
to determine the beflaphniafeeds to be substituted for the old split pea ham and soup mix
alternately fed witth a k e@lnied ysast. | used twentpne twaliter soda pop bottles set up on an
aeration mani fold (each bottle had an air ste
to one of seven diets. Each diet had three replicate bottles. Each pop bottle received an equal
number ofDaphnia( n =2 0) and snail s ( SemPlanarbella duryg d r a m
scavengers at the beginning of the experiment. Each container was fed an equal weight (determined
volumetrically since all the foods had very similar densities) of food that was assigned to it. (In
the end | compensated for slightly different densitigskbowing the total weight of food as
calculated from the density and volume of food fed. Therefore, the cost of productizepbeia
is compensated to the right weight of food.) | monitddeghhniadensities in each container and
harvested and hand cded allDaphniapulled from the bottles and recorded this over aldy
period. Data was recorded and graphed as population densities and nurDlagtsodharvested.

Numbers ofDaphniaproduced were noted and then cost of producing 10@a@@bhnia
was &trapolated by dividing the weight of food used by the numbebabhnia produced
multiplied by the cost per pound of each feed times 100,000. (Remember these are from 1992
prices)

DaphniaFeeds Tested

Diet 17 b a k eativ@ dried yeast.

Diet 27 dried Spirulina algae.

Diet 371 driedChlorellaalgae.

Diet 47 dried, ground, split peas and paprika.

Diet 57 dried, ground split peas, paprika dné k e@ctiv@ slried yeast.

Diet 67 b a k eativie dried yeast, dried spirulina algae, and dried chlorella algae.

Diet 771 dried, ground split peas, paprika, dried spirulina algae, and dried chlorella algae.

1992 Costs of Sele@iaphniaFeeds Used in Trial
Red Starbrand balk@sr act i ve$ldldlly yeas

t
Ocean Star International brand drfepirulinaa | gae powder $16. 00 /I b.
Now brand driecChlorellaal gae powder $35.80/ 1 b.
Ground split peas and paprika mixture (10:1
Results

Theoutcoms of this experimenfbllow, ranked from best to least effective feed3osts
are 1992 calculations.

Di et #6 b a k aative arted yeast, doiddpirulinaalgae and dried chlorella algae
yielded the best performance. Diet 6 produced rDagghniaby 32 days (15,240) and by 44 days
(n=9,650) than any other diet. It also produ@saphniamore consistently with 13 harvests. It
produced the first harvest within 14 days. Overall cost was $1.36 to produce 1Da@0ta
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Diet #71 dried ground split peas, paprildajedSpirulinaand driedChlorellaalgae was the second

best in performance. It produced the second greatest numbapbhiaafter 44 days (n=6,254)

and the third best at 32 days (n=3,236). Had the second most number of harvests (h=11). This diet
really performed well with rapidity of harvestlike diet 6 within 14 days. The cost to produce
100,000Daphniawas $2.22.

Diet #3i just driedChlorellaalgae was ranked third. Third in total production at 44 days (n=4,857)

and second best in productionla 82 days (n=3,396) and third at total number of harvests (n=9).

It was also ranked third at producing a harve:
two diets. Overall cost was $4.54 to produce 100[D&@ghnia

Diet #27 just driedSpirdina algae ranked fourth. This diet only produced three harvests and it
took 39 days to reach harvest densities. A total of 3[&@dhniawere produced after 44 days.
Cost was $1.79 to produce 100,d@8phnia

Diet #4i dried, ground split peas and pagprilanked fifth. This diet, lik8pirulina only produced
three harvests and took 29 days to reach harvest densities. It cost $1.71 to produce 100,000
Daphnia

Diet #571 dried ground split peas and paprika énd k ective siried yeast. This diet also fared
poorly and was similar to yeast alone. Harvests occurred only after 36 days and amounted to only
2,955 individuals. However, cost peaphniais relatively bw at $.30 per 100,00Daphnia

Diet #1171 strictly b a k eactigesdried yeast cultures did poorly. Although their densities did
increase initially up to 10 days post start of the experiment, after 15 days densities remained
consistently low and only 2,6aphniawere harvested at the end of thed®y period with the

first low number harvest (n=846) after 39 days. However, cost to produce 1@xphAiawas

the lowest at $.22 per 100,00@phnia

Conclusions

Mixtures of Daphniafeed containing whole spray dried algae outperform other types of
feeds when it comes to quantities and rapidity whiaphniapopulations grow. Mixtures of both
SpirulinaandChlorellaal gae added to either bakertpgasact i v
and paprika both performed very well. Any time a dried algae product is used it adds considerable
cost toDaphniaproduction. However, using a mixture of high cost algae combined with very low
cost yeast or split peas gives rapid yields, with higitvésts, at a medium cost to the hobbyist.

Using only a dried algae product (eiti@hlorella or Spiruling gives relatively high to
medium yields at a slightly longer period than the aboeationed mixtures. However, the high
cost of these products endis making the cost p&yaphniaproduced much higher compared to
other mixtures and the cheaper single source feeds.

Dried ground split peas and paprika ranked only mediocre. It produced only a modest
number oDaphniaat a prolonged period and cost we®anedium at $1.71 per 100,0D@phnia
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Dried ground split peas and paprika added ta k ective gliry yeast and a k ectivies
dried yeast alone did produbaphnia However, production was much slower (by a factor of 3.7
X) than when using dried alggeoducts. Even though production was slow, and low, the cost per
unit was also low at only $.30 to $.22 per 100,0@@hniarespectively.

Further Discussion

Algae (microplankton or phytoplankton) are the natural dieDaphniain their wild
habitat. Therefore, it stands to reason Begphniashould perform (grow and reproduce) well fed
on dried algae products. However, other feed items have traditionalrgrpto be effective at
rearingDaphniain captive situations. Feed items likea k eactivesdry yeast and other plant
products like dried and ground split peas will serve as feed as well. These later products, although
not natural toDaphnia habitats, wi support Daphnia production at a mucheduced cost.
However, production is much slower and lower yielding than when dried algae products are used.
Just as with feeding any animal, variety, like mixing several different feed items, offers better
nutrition and compensates for deficiencies that any one item may present. In this study, it was
demonstrated that a mixture of both natural type feeds (like @hemtella) combined with other
traditionalDaphniaculture feeds (like ground split peas, paprika, activeb a k anied yeast)
gives high production ddaphniaat a moderate cost. The hobbyist can therefore select from using
very low-cost feeds and be happy with low and slow production, or can add value to the feed with
an addition of spray dried algag&dding spray dried algae idaphniacultures, one can realize at
least a 3.7fold increase in production.

Dried algae products come with other benefits. These products are far richer in vitamins,
anti oxidants, col or e n hpenfatiy acps nmedessanoforipmpare nt s |,
development and health in fishes. Therefore, | would advocate adding dried algae products just for
these added values without even considering price.

| also tested, in subsequent trials, the suitability of adding dthely ground plant
products to homemad@aphniafeed. This grew from the annoying, labor intensive activity, of
purchasing dried split peas and grinding these into a flour like consistency using either a blender,
food processor, or coffee grinder. Sonodhyists have avoided this step by using canned, human
baby food vegetables (peas) purchased in jars from the grocery store. Some substitutes tested and
found to be very effective were whole wheat flour and soy flour. These two ingredients can be
exchangedor ground split peas or added in addition to the later.

Paprika is still wused since itds very high
enhancing xanthophylls (carotenoids) in Bbephniawhich are then passed up the food chain to
your fish.

Finally, in the last twenty years there has been a huge growth of knowledge in
aquaculturing a host of marine and freshwater fish and shellfish. Along with this growth there are
now numerous dried, live, and preserved algae products available whoctuldllpotentially be
used forDaphniafeed. Some of these products are very expensive, some available to hobbyists,
some not so readily available but with effort could be acquired. Many of the more expensive
products have very great potential to increagivegnutritional content of yoibaphniafed to your
fish. 1 will only list some of these products here for your potential experimentation. Including but
not limited to Artificial Plankton Rotifer (APR), Microfeast (Provest8pirulina (Ocean Star
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Interndional),Chlorella( Now Foods), Al gamac 2000, Al gamac :
Advant age, Agua grow Advantage Enhance, Bet a
Mariculture).

Daphniaculturing certainly has the potential to reduce the need of purchasing frozen or
live fish feeds like brine shrimp, bloodworms, glassworms, tubifex, or California blackworms.
Daphniacultured in your own home also can be considered cleaner and probaklypanasite
and disease free compared to frozen or l i ve
Acontaminatedo habitats. Thi s c¢ Daplsto feedtarh a pr
entire fish room is possible. | know, | did it with four-g8@llon Rubbermaid trash cans for many
years. However, it IS very LABOR intensive. You easily spend as much time caring for the

Daphnisas you do the fish! | found t baphniaciljpress c hi |
and a fish room. Post chileln and everything changes. | no longer culRephniasimply because

ot her hobbies, kidsodé activities, etc. consume
and |ive food substitutesébut that is a topic

| hope this helps foanybody wishing to venture inf@aphniaproduction or who have had
troubles in the pasaphniaculture can be reduced to science, although for many it may still seem
like magic!

Aut horés Address :tand Phone Number s

Doug SweetSuperintendent

London State Fish Hatchery

Ohio Division of Wildlife, ODNR

2470 Robertoés Mill Road, SW London, OH 43140
614-2036120(work cell)
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HYPERSALINITY TREATMENT TO ERADICATE AiptasialN A 40,000GALLON
ELASMOBRANCH SYSTEM AT THE INDIANAPOLIS Z OO

Sally Hoke, Area Manager of Oceans, and Indianapolis Zoo Staff
shoke@indyzoo.com

Indianapolis Zoo, Indianapolis, IN USA 11/27/2019

In late 2018, the Indianapolis Zoo had a severe outbreAkptdsiaoccur in our 40,000
gallon exhibit tankFigure 1)which houses a population of cownose rdyhkifoptera bonasus)
and smooth dogfisiMustelus canis At first, we saw a fevAiptasig howvever, within months,
they had spread to cover all our rockwdRigure 2) TheAiptasiathen started spreading along
the aragonite sand bottom, up the sides of the tank, and over the plumbing found within the tank.
The invasive anemone quickly became adnd to divers. Several of the cownose rays began
showing signs of ulcerations, most likely due to the anemones.

EANS places of mystery

Figurel I ndi anapolis Zoobdbs 40,000 gallon exhibit tank
rays

When theAiptasiafirst appeared, we useiptasiaX to try and eradicate the anemones,
however, there were too many. We also tried injecting kalkwasser into the stalk of the anemones
(Figure 3) While the kalkwasser worked on a small scale, it was not practical to egeht
individual polyp in this large of a tank. We knew we had to treat the entire life support system to
be effective on a lonrterm basis.
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Figure2 | mage taken on 4/23/ 19 showing very dAfurryo
with Aiptasia The anemone had also started to spread along the back walls, on the plumbing in the
tank, and on the substrate.

Figure3. Image taken on 3/20/19 showing a very small patch of rock where aquarists had been able
to eradicatiiptasiausing kalkwasser.
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After reading posts on Aquaticinfo list server and contacting other facilities, we narrowed
our options to either bleaching the entire system or using chloroquine. Our Water Quality
Specialist at the time, Sarah Hoback, contacted other facilities toejetdbommendations and
any insights they may have to offer. She also tracked down dosages, warnings, and products.

Informal inhouse trials on the effectiveness of chloroquine, done by Tracy Sipes, Aquarist,
didndét prove ef f ec2tOipvwem. e vSinn caef twer ddo8n 6hto uhrasv e
testing for chloroquine and we run ozone to the system, we were concerned about the overall effect
to our el asmobranchsdé health. These two fact
even thouglt was our cheapest option.

Tracy also ran an informal trial using bleach. The good news was that bleach proved
effective. The bad news was web6d have to use
500ppm to 800ppm. This would amount to usiB@ Ballons of 13% sodium hypochlorite bleach.

Since our exhibit is indoors, and we have other life support systems immediately adjacent to our
tank, we ruled out bleaching our exhibit. We were also very concerned about bleach fumes
affecting staff and gueéss . We also didndét want to risk any
adjacent tanks or have fumes settling on tanks or sumps downstairs.

Small scale trials proved using freshwater or magnesium chloride to be an ineffective
means of eradicatingiptaga. On the other hand, the trials showed that leadiipgasiaout of
water in the air would kil t hem. Since we kn
or pipes, we knew we couldnét wuse tBfagdinmet hoc
mind, we did choose to keep the tank dry a few days between the treatment and recommissioning
of the system. Both of our original optioinsusing bleach or chloroquinehad now been
eliminated. We needed an effective solution that was safdfiy guests, and animals. We also
needed a solution that the entire team at Indianapolis Zoo approved.

While discussing the problem and possible solutions for the umpteenth time after many
months, Brady Stoever, one of our aquarists at the time who now works at Florida Aquarium,
mentioned a conversation he had with Sean Boyd. Sean, Senior Aquarist ab Riplep g u ar i um
Myrtle Beach, mentioned to Brady that we should try raising our salinity to 70ppt. Whether Sean
was joking or not, this was a new approach
Aquaticinfo. I n a Awe hanareinformalttrialiplacindiptasiail 50 s e 0 e
gallons of system water and adding enough salt to raise the salinity to 70ppt. Within hours, all the
Aiptasiahad expired.

We quickly put together a plan to raise the salinity of our 40¢z0i@on tank to 70ppand
presented it to our Vet staff, senior Life Sciences team, and Life Support Team. With the support
from the Zoo team, we finally had a way forward.

We ran a second test using a salinity of 50ppt in 5 gallons of water tofsp@giawould
die off at a lower concentration. They did. Since we had already ordered salt for 70ppt and we
wanted as big of an osmotic change as possible in the shortest amount of time, we stuck with 70ppt
as our goal. Just in case.
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Below is the course of action we took whiproved successful. We have since used this
plan for a 306gallon elasmobranch holding tank. New England Aquarium also recently used this
hypersalinity method on an elasmobranch touch tank with the same success.

Goal
Increase salinity of the systam70ppt as quickly as possible to eradicsfasia

Warnings
1. You need to remove all your animals from the system.
2. With this method, youdll be completely ki
3. When ordering salt, make sure ifeesf AYPS

contaminates that could kill fish. Note: salts used for mixing seawater will work, however,
theydre much more expensive than food grad

Course ofAction
1. Move all the animals out of the tank and into different life support systems.
2. Shut off ozone to the system and remove ORP probes.
3. Shut off venturi pumps on protein skimmer.
4. Add 16,600 pounds of food grade salt (NaCl) to 40,§@on system (make sure sal
is YPS free) to reach salinity of 70ppt.
5. Run the system 2436 hours to thoroughly mix the salt and treat the entire life support
system.
6. Drain the system entirely, or as much as possible (almost 100% drained). Flush with
freshwater as needed.
7. Tank renains empty for 4 days in order to perform necessary LSS maintenance, dry
out any residualiptasig power wash, modify rockwork and add artificial corals, etc.
8. REfill the life support system with freshwater and run for 24 hours or more to dilute
any restlual salt and flush plumbing and filters. Start up filters on backwash.
9. Drain the life support system (further flush out pipes and filters).
10.Refill with seawater & recommission the life support system. Start up filters on
backwash.
11.Add Korzyme saltwatebacteria to reestablish biofilter. (We used 12 gallons of
bacteria)
12.Add fish within 24 hours of adding the bacteria to start, and then gradually add more
over time as water quality allows until fully populated.
13.48 hoursafter adding the bacteria, turn gmotein skimmer and ozone (at lower
percentages to start)

Logistics and Timing

The | ife support system in question doesnbo
add the salt directly to the tank. Access to the tank is up a set of narrow dtaiggodd news is
thereds a hoist. The bad news is that the ho

that while the food grade salt we wanted to use was available in supersack sizes, we would have
to order the salt in 5pound bags. Andy \feey, Area Manager of Life Support, came up with a

way to hoist as many bags of salt as possible upstairs. Once upstairs, salt bags still had to be moved
manually to the areas surrounding the tank.

112



It was important to keep elasmobranchs in the exhibitfianas long as possible. We also
had to keep in mind that we had to have fish back in the system for a previously planned evening
event in the building. This created a Ftexible end date and a short time frame for Aiptasia
eradication project.

We gradually removed animals from the system over a period of 19 days. Cownose rays
and dogfish were both moved into two different holding systems. The gradual addition of fish to
the two holding systems also helped with maintaining water quality in sysgems since neither
location had a heavy bio load in several months.

We knew from the start that we had 0.3 pregnant cownose rays. To cut down on stress of
being moved into a holding tank, and then moved back into the exhibit, they were allintoved
the closest holding tank.

Once salt arrived on site, the pallets were unloaded from the truck and stored in our hay
barn until needed. Over a period of two days, many staff from various teams (Aquarists, Life
Support, and Marine Mammal trainers) mdwsalt from outside the building, up the stairs to the
top of the tank, and then staged either around the perimeter of the tank, or in the areas adjacent to
the tank.

OQur hoist isnét rated for a full padrl et of
pallet. Once upstairs, the salt bags were then individually moved and stacked around the perimeter
of the tank. The hoist is also slow, so bags were also carried up the stairs to save time.

Bags were placed as close to the edge of the tank as pogétblesed plastic lattice work
to make sure the bags couFiggredt f al | into the

Figure4 Fi ve pallets worth of salt were staged ar ou
adjacent areas. Plastic lattice work was used to prevent salt bags from prematurely
falling into the tank.
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It was important to us that all the bags were staged upstairs, aithumd the perimeter of
the tank or as close as possible prior to the salt dump. Having the bags staged beforehand allowed
us to dump as much salt into the tank as quickly as possible. We were aiming for the biggest
salinity change in the shortest amoahtime in order to hopefully cause osmotic changes that the
Aiptasiac oul dndét wi t hstand.

Salt Dump
On the morning of the salt dump, aquarists moved the last few remaining animals from the
tank and a curtain was placed in front of the acrylicsoguestsicd n 6t see what we

Life Supportstaffdrained enough water from the system to account for the salt being added
since we didndét want to overflow the tank. Th
salt. We turned up airlifts, addedditional air stones, and ran a sump pump in the tank to help
move water and dissolve salt.

We were able to dump 16,600 pounds of salt into the tank within 20 minutes. This
accomplishment was due to a strong team effort which included our CuratoreNaimmal
trainers, Aquarists, and Life Support staff.

While we were dumping the salt, staff wore protective eye wear, gloves, and dust masks.
As expected, the water became extremely cloudy during the dumping process. It also turned a
lovely shade of icelue (Figure 5)

Figure 5 The actual salt dump took a team from multiple departments. As we added salt, the
water turned electric ice blue, now called fAhyper
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We intentionally held four bags of salt back from the initial dump. Once we drained the
tank, we inspected the rocks #iptasia Had there been any, we would have used the remaining
salt to create a thick paste and apply it to the rocks.

The water begn clearing up after the last of the salt was added. After a few hours, we
could begin to see the rockwork agétigure 6)and, what was most important, we could actually
see the rocks! Prior to the salt dump, the rocks were covered completely in thick Aiptasia
and we hadndét seen t he mipthsiacould asu leerseeh in theowaterh s . F
column.

Figure 6 Image taken within hours of the salt addition. You can already begin to see the actual
rocks. The white blobs on the rocks are d&gudasiathat had either released from the rock and
died, or that had died elsewhere in the tank and had beedforcinto the water column and
then settled out. These were easily brushed off and into the water column.

While | had focused on the |l ogistics of th
thought too much about the cleanup. My team, howéaet, We had one team cutting open and
dumping bags, and another removing the bags and taking them downstairs to the dumpsters. Bags
were loaded into the upsidlown top of a large animal kennel, which was then attached to the
hoist and lowered downstais be carted away. The actual dump and clean up took under an hour.

Normal salinity of the system is between 30p@2ppt. Our goal was to raise the salinity
to 70ppt. Two hours after the salt dump, after the filtration system had turned over tvinity, sal
was tested between 65pp87ppt. The next morning, salinity had risen closer 69ppt. This was due
to salt that had settled on the bottom dissolving over time.
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| had expected a stench to develop as the huge amouatiptasiadied but one never
deweloped. We did get thick brown sludge developing on the water surface. Periodically, this was
netted out, bagged, and disposed of properly.

We decided to turn on the venturis on the protein skimmer while we ran the system, which
resulted in copious amotsof beautiful protein scuiffrigure 7)

Figure 7 The day after adding the salt, we brought our protein
skimmer online.

Additional Insurance

We ran the life support system, with the now hygaine water for 48 hours. The water
was thendrained out. While the tank was draining, we sprayed down the walls, acrylic, and
rockwork of the tank with freshwater.

When we were working around the tank, during the treatment and after when the tank was
dry, we would wear latex gloves in case of aggidual nematocysts.

We coul dnodét drain the tank dry wusing the |
of water in the bottom of the tank when the pumps had to be turned off. We used a sump pump
and hoses to further drain the tank down. In the past, when a largeathbkdn drained entirely
and the bottom allowed to dry for days, the pool coat on the bottom delaminated. To prevent this,
we kept six inches of water and the substrate in the bottom of the tank during the remainder of our
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process. We thoroughly inspectdte bottom and substrate to make sure there were no living
Aiptasia Had we found any, we would have added enough salt to raise the salinity again.

We planned to let the tank walls and rockwork sit and dry for several days in case any
residual aptasia@re clinging to the nooks and crannies of the rocks. If we found any, our intention
was to also apply a thick paste of salt. We never found any that were alive.

While the tank was dry, we power washed the tank walls and rocK®igikre 8) We also
took advantage of an empty tank. Life support team did some work on the plumbing and
electricians worked on lights above the tank.

Originally, we wanted to have the tank dry for between four to five days, however, we
started to observe some health issuesthéldogfish tails in one of the 9,600 gallon holding tanks.
We werenodot certain why the tip of the caudal
butterflied open until Staff saw a cownose ray munching on their tails. A decision was made to
moveforward with our process so we could get the cownose rays and dogfish moved back into a
larger tank. The tank was dry for about three days total instead of the five we had planned.

We filled the system with freshwater and ran it for approximately 36sh@uwring this
time, thick brown sludge settled out on the bottom and was then siphoned out by divers.

Once the freshwater was drained out, the tank was checked thoroughigtémia After
the final approval was given, we refilled with seawater.

Recammissioning

Due to the size of the tank (40,000 gallons) and the size of our salt water mixing tank
(20,000 gallons), it took us a several days to refill the tank. The city water temperature was quite
a bit colder than our normal water temperature batkfully, the water warmed up quickly in our
system

Once the tank was full, the system was running normally (except for ozone and protein
skimming) and water temperature reached 72°F, we added 12 gallons of Korzyme saltwater
bacteria.

We moved in a snilanumber of animals, four cownose rays and four smooth dogfish,
within 24 hours of adding the bacteria. Ozone and protein skimmers were turned back on 48 hours
after the bacteria was added.

We tested ammonia, nitrite, and nitrate levels daily until we knew our biofilter was fully
established. We continued gradually adding more animals, as water quality allowed, until all
animals were back in the tank.

We were able to have the tank up amahing with animals before the previously scheduled

evening event. All animals were returned to the exhibit within 18 days of adding the Korzyme
bacteria(Figure 9)
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Figure 8 Rocks and tank walls were power washed while the
tank was dry.

The Powero f Tefa mo

This treatment wouldnét have occurred with
done this treatment. Even the Oceans team, consisting of one manager, four aquarists, and a water
gual ity specialist, coul delpdromthe&Zoodeadone t hi s t

Life Support helped problem solve logistics and helped with manual labor. Commissary
helped by making room in the hay barn to store extra pallets of salt. Veterinary staff helped by not
only providing care for the animals, but algeighing in on treatment options, dosages, and even
providing institutional memory on our el asmobr
and drapeodo to cover the acrylic and signage f
their ring construction projects. Marine mammal trainers showed up to help move endless bags
of salt upstairs and then showed up again to help dump the salt and remove the empty bags. This
was time they could have spent caring for their own animals. Ofternteamathere is one person
who will quietly go about taking care of routine business without calling attention to themselves.

On the Oceans team, this person was Cara Van Kleeck, aquarist, who made sure all our other fish
and invertebrates and life suppsysstems were well cared for.
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Figure 9 Image taken on 5/9/19 after the completion of the hyper salinity treatment and animals
were introduced back into the tank.

Ideally

As an added precaution, | would have removed the aragonitsghsidate in the tank and
replaced it with crushed coral, however, budge
still like to change out the gravel for aesthetic reasons and to keep the cownose rays from stirring
up the sand.

The treatmentvas done in late April/early May 2019. Both sand filters for the system were
due to be repacked I ater in 2019. Due to budg
project moved up to the spring. In October, we repacked one of our saml diteriginally
scheduled. The second filter was repacked the end of November. Had we been able to, | would
have repacked both filters while the tank was empty.

The Results

As of writing this article, we have yet to seefdptasiain the tank (knock oacrylic) and,
in the fall, all three of the pregnant cow nose rays had successful births. Moms and pups are doing
well.

Thank You
1 To the entire Oceans team of Indianapolis Zoo (Tracy Sipes, Cara Van Kleeck, Brady
Stoever, Sydney Pitts and Sarah Hobackp wesearched options, discussed possibilities,
problem solved, developed timelines, gathered supplies, moved lots of animals, and most
importantly, cared for our collection.
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1 To Andy Verhey, Area Manager of Life Support, for his knowledge of our life stppo
systems, his time spent problesolving logistics, and coming through with the end results we
needed.

1 To Stacey Green, Curator, and Jodie Baker, General Curator, for support and guidance
along the way and for taking the chance on the idea.

1 To the Life Support Team of Indianapolis Zoo for all the work involved in not only the
treatment, but the recommissioning of the life support system. And a huge thank you for
cleaning out the residual gunk in the pump strainer baskets.

1 To the Marine Mammal trainerd the Indianapolis Zoo for their work moving numerous
50-pound bags of salt upstairs, dumping it into the tank, and clearing away the bags.

1 To Tracy Sipes for helping with editing this article.

T To Sean Boyd, Senior Agdgu arBeach, foathe inlal igebh,ey 6 s
whether he was joking or not.

1 To Vet staff of Indianapolis Zoo for their input, research, and work with the animals.

1 To Brian Brawner, now of Hayward, for technical advice and moral support.

1 To Paula Carlson Branshaw, Dallas MdoAquarium, and Barret Christie, Norwalk
Maritime Center, who reviewed our treatment plan prior to the actual treatment.

1 To all aguarists who have been discusgimasiaeradication on Aquaticinfo list server.

ADream big, beaad|l hevéee Qivecupzy,
Steve Winter, National Geographic Photographer

Red Rock CralfCancer productus)Bruce Koike
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GERMAN OCEANOGRAPHIC MUSEUM, ZOOAQUARIUM DE MADRID AND
CORAL DOCTORS CLUSTER TO DEVELOP A PROJECT ON TRAINING OF
LOCALS ON REEF REHABILITATION IN THE MALDIVES

Pablo Montoto Gasser

Conservador del Aquarium, ZooAquarium de Madrid
Casa de Campo S/N28011 Madrid
pmontoto@dgrpr.com

From the 9th to the 24th March 2019, a team of the three institutions developed free
workshops on reef rehabilitation on 3 Maldivian islands.

For the third time, members of the German Oceanographic Museum Stralsund and Coral
Doctors went to the Maldivesith various objectives: impart free workshops on reef restoration
to dive center’s staff and local communities and strengthen bonds with local NGOs and local
organizations, developing the bases for future collaborations. As the project is growingaithis ye
ZooAquarium de Madrid joined in a stronger team that hopefully is only the beginning of a long
term effort to raise public awareness and train the locals to work on reef restoration autonomously.

Coral Restoration Project

r £ « AA.Ukulhas X 2

0, G e R 18-05-2019 M “ >

e
0,

. $v ‘\)’i(~ / Detsches
€ > 4 . Meeresmy cam e
Conul Doctors  4xt ouvon. MEERESMUSEUM
L
X -.

.....

{

Torsten & Yamila from Coral Doctors, Dr. Nicole Kublem the German Oceanographic Museum and
Pablo Montoto from the ZooAquarium in Madrid.

In the local islands of Maafushi, Rasdhoo and Ukulhas workshops took place with theory
lessons on general biology and ecology of the coral reef and its restoratimh, weére
complemented with practical lessons at the sea. The participants gained confidence on the different
restoration approaches: both biological and physical, with a mean duration of 3 days. These free
workshops were open to the main public, since eam&ss on the threats and the actual state of
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their local reefs were emphasized and the urgent need to adopt measures for its conservation. In
the last lesson of the workshop, monitoring of the restoration efforts was taught, providing
assistance by the Eapean partnert establishing a cooperation that is intended to grow in time

with future visits.

Frame practice at Ukuhlas

122



The satisfaction of the organizers has bamnplete as a mean of 20 attendees participated
in each warkshop, from dive instructors, scholars, boy scouts, local authorities and general public.
In addition, on the island of Villingili, the organizers had the chance to meet with the local NGO
ifiSave the Beacho where they uUssatteir efforess ororpegh or t un
restoration, rising awareness, as well as the
the first center for environmental education focusing on marine life in Maldives.

Beybe from Save the Beach checkRegstoration trail in Villingili

This project has been possible thanks to the German Oceanographic Museum Foundation,
the European Association of Aquarium Curat(EUAC), the Parques Reunidos Fundation and
other private sponsors.

Coral reefs around theorld are suffering an unprecedented crisis. In countries like the
Maldives, coral reefs play a major role in their citizens live, as the country is formed entirely by
reef atolls. The importance of this unique ecosystem reaches its maximum exponéng offe
protection to the coastline against erosion, tropical storms and tsunamis, being the main source of
protein through fishing and the main attraction to tourists who visit the Maldives to enjoy their
fantastic white coratand beaches and marine lifeillsnorkeling or diving.

In 2016, the Maldives, along with other important regions of the world, suffered a massive
bleaching event that killed the vast majority of corals. In this trip, the team had the opportunity to
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verify that the visited reefs wemecovering from this episode, with important growth of the
surviving colonies as well as an important number of recruits. Even though, this can’t be taken as
good news, since predictions for the coral reefs are alarming due to climate change, ocean

acidification and other threats, being public awareness and restoration vital efforts to try to keep
the most divers ecosystem on earth, the coral reefs, alive.

T END

Craig Phillips, Drum and Croaker 1971
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EFFICACY OF CERAMIC BIOLOGICAL FILTER BRICKSAS AS UBSTITUTE FOR
LIVE ROCK IN LAND -BASED CORAL NURSERIES

Samantha Siebert, Aquarist,ssiebert@maritimeaguarium.org
Rachel Stein, Associate Director of Animal Husbandrytstein@ maritimeaguarium.org

The Maritime Aquarium at Norwalk, 10 N. Water St. Norwalk, CT, 06854

Abstract

Coral aquaculture has been increasing over the years in public aquaria and amongst
hobbyists and these practices may help protect threatened reefs by providing a genetic bank of
critically endangered species of corals, and by reducing the dependencyestdthcorals. One
of the most important components of ldmased coral nurseries is that they have good biofiltration.
Live rock has been widely used, as it is one of the most effective bio filters to help maintain stable
water quality for reebuilding corals(Yuen et al., 2009)Live rock is typically taken from the
wild, which raises concerns over damaging coral reefs that are already st€éstseand Brown,
2003. Our study looked at whether biological brick media {micks) could be used as an
artficial alternative to live rock. We compared nitrification rates between five live rocks and five
bio-bricks, and found that bibricks were equally effective as live rock at nitrification, consuming
ammonia at a rate @.07 mg 1 h'! kgl. A t-test reealed that consumption rates were not
significantly different.

Introduction

Coral conservation and restoratibavebeen undertaken both in ocelaased (Nedimyer
et al., 2011) and in landased nurseries. Lafizhsed nurseries often do not have direcess to
seawater and must employ various forms of filtration to maintain healthy water quality for their
marine organisms. Biofiltration, or the living organisms that remove dissolved waste in aquaria,
can be cultivated in a number of ways in clesgstemlife support systems (LSS). Extruded
thermoplastic media, sand, gravel, and live rock are all commonly used in aquaria to house bacteria
that oxidize ammonia to nitrite and subsequently to nitrate. The use of live rock in particular has
been a proven tealgue in research mesocosms (e.g. Cato and Brown, 2003; Forsman et al., 2015),
and in many public aquaria (Sharp, 2008). Corals and coral reefs are exceptionally dependent on
pristine water quality (Pawlowsky,s 2010)0ahd Coop
the ability of live rock to act as an effective primary biological filter for coral systems has been
guantified (Yuen et al., 2009; Li et al., 2017).

With coral aquaculture being a key tool to increase the sustainability of the cdeaintia
the future (Rhyne et al., 2012), and conservation projects such @s sitagenetic refugium of
Caribbean coral biodiversity (also referred to as the AZA Florida Reef Tract Rescue Project) being
dependent on closexystem LSS, there is an obvsweed for nowestructive means of
establishing natural nitrifying microbiomes. In recent years, a number of aquarium product
manufacturers have started to market ceramic omadia, claiming that these products have
extremely high surface areas. Thegpect of using such media, rather than natural live rock, may
be an option that increases sustainability, as well as biosecurity, since rocks often are harvested
from the wild, and may harbor vectors from disease outbreaks that are threatening refiral re
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To assess the viability of these manufactured products as compared to natural live rock, a small
controlled trial was undertaken.

Methods
To compare the efficiency of an artificial biological brick filter media (hereafter referred
to as biebricks) to live rock, five biebr i cks (Bright wel | Aguatics X

home hobbyists were purchased, sterilized and inoculated in an aquarium with live rock extracted
from the Florida Keys for 45d at 26. Media was sterilized with peracetic acid awdlium
hypochlorite according to the manufacturerés
pieces of natural live rock were each placed in an HDPE container with 9.47 liters of artificial
seawater. No aeration or water movement was addéagdine trial so oxygen and water flow

would not be variables, and lids were placed on each container to reduce contamination from the
surrounding environment. Each container was dosed with an equal amount of a 10g/| ammonium
chloride stock solution givop a starting ammonia concentration of 1.25mg/l. Ammonia, nitrite,

and nitrate were measured via spectrophotogra
10206, respectively) at 6h and 26h after the trial began. All biological substratési¢k®arnm

live rock) were weighed so that consumption of ammonia could be expressed as mg/l consumed
per kg media, per hour. This normalization of data allows for more accurate comparison of efficacy

of artificial vs. natural media. Plots were created usingMicfos Excel E and dat a \
using the =TTEST f un c tailed, assumfng udéqeal varsrnezas®.05.E x c e | E

Results

Ammonia consumption per hour (mg MHA?Y) between the two substrates, live rock and
bio-brick, did differ slightly when the mass was taken into account (TableH9wever, the
average ammonia consumption between the live rock arblricics were equal T@able 1, Figure
1). A 2-sample ttest revealed that there was no significant difference between the giitsum
of ammonia amongst the two substrates (p=0.99).

After being normalized for mass, the two live rocks with the least mass had the highest
consumption rate of ammonia per hour (0.11 mg Nkkg?, Table 1). The piece of live rock with
thegreatest mass (3.6 kg) had the lowest ammonia consumption rate per hour at 0.03hmtg NH
kg All five bio-bricks had nearly identical ammonia consumption rates over 26 hours, ranging
from 0.06 to 0.08 mg Nihtkg? (Table 1).To figure out how muchio-brick replaces live rock,

a one to one ratio based on average mass was calculated by dividing the average mass of bricks by
average mass of rocks (1.9 kg rock/1.36 kg brick = 1.383ggn the nitrification capacities were

the same, we can infer basen the mass differences that it take®8 kg of biebrick to replace 1

kg (or 2.2 Ibs) of live rock.

After 26 hours, nitrite and nitrate levels did start to rise, indicating that the nitrification
process had begun. Nitrite levels between live rocklaobricks were not significantly different
(p=0.94). The average nitrite levels for live rock andlimicks were equal (Table 2, Figure 2). On
the other hand, live rock had an average nitrate level of 7.26 ppm with a standard deviation of 4.08
and biebricks had an average nitrate level of 9.27 ppm with a standard deviation of 1.01. Nitrate
levels between the two substrates were not significantly different (p=0.34; Table 2, Figure 3).
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Table 1. Consumption of ionic ammonia data from n=10 replicatea &nction of biological filter mass and time.
Ammonia levels after 6h and 26h of time to process ammonia are reported, and these data are further extrapolated to
provide the percent consumption of ionic ammonia as well as the ammonia consumptiahtipee amd normalized

by biofilter substrate mass. Averages shown include standard deviation.

NH3

Tank | Substrate '\(/:% S)s thﬂz " : rig?l) ?riglll;{ 8?(;:] )H mg NHz h?® | mg NH3; h'kg?!

1 Rock 2.0 0.30 0.10 | 1.15 0.92 0.10 0.05

2 Rock 1.0 0.23 0.12 1.13 0.90 0.11 0.11

3 Rock 1.0 0.20 0.16 1.09 0.87 0.11 0.11

4 Rock 1.8 0.26 0.19 | 1.06 0.85 0.10 0.06

5 Rock 3.6 0.19 014 | 1.11 0.89 0.11 0.03

6 Brick 14 0.20 0.26 | 0.99 0.79 0.11 0.08

7 Brick 1.2 0.40 0.09 | 1.16 0.93 0.09 0.08

8 Brick 14 0.52 0.10 1.15 0.92 0.08 0.06

9 Brick 14 0.46 0.30 | 0.95 0.76 0.08 0.06

10 Brick 14 0.17 0.13 1.12 0.90 0.11 0.08
Avg. Rock - - - - - - 0.07+ 0.04
Avg. Brick - - - - - - 0.07+0.01

Table 2. Consumption of nitrite and nitrate data from n=10 replicates as a function of biological filter mass and
time. Nitrite and nitrate levels after 26h of time. Averages shown include standard deviation.

Mass NO:2 NOs

Tank Substrate (kg) (ppm) (ppm)

1 Rock 2.0 0.04 9.48

2 Rock 1.0 0.03 0

3 Rock 1.0 0.04 8.54

4 Rock 1.8 0.04 8.83

5 Rock 3.6 0.06 9.43

6 Brick 1.4 0.04 9.69

7 Brick 1.2 0.05 9.44

8 Brick 1.4 0.05 7.5

9 Brick 1.4 0.03 9.96

10 Brick 1.4 0.05 9.75
Avg. Rock - 0.04 £0.01 7.26 £4.08
Avg. Brick - 0.04 + 0.008 9.27+£1.01
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Figure 1. Mean total ammonia (N§) consumption rates for each substrate normalized for mass.
Error bars are standard deviation.
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Figure 2 Mean nitrite rates (ppm) for each substrate. Error &i@standard deviation.
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Figure 3 Mean nitrate rates (ppm) for each substrate. Error bars are standard deviation.

Discussion

Live rock has been shown to be one of the most effective ways to remove ammonia and
nitrite to maintain optimalvater quality for reef building corals (Yuen et al., 2009; Li et al., 2017),
and has been the primary source for biological filtration in reef aquariums amongst both hobbyists
and public aquariumg@ato and Brown, 20Q3Live rock has specifically been ¢gly harvested
from Florida for the purpose of keeping corals. If live rock continues to be harvested from the
wild, eventually the natural reefs may become negatively affected, which could impact the entire
ecosystem. This will not only affect the corddst also the other species that live on the r€atq
and Brown, 2008 Artificial bio-media may provide a more sustainable aneskiture alternative
to live rock harvested from the wild. However, there has been little research on whether such
artificial media will oxidize ammonia at a rate comparable to live rock.

In this trial, biebricks were as effective as live rock in facilitating the nitrification process.
Consumption rates of ammonia, did not significantly differ between the two substrates, (P>0.05,
a=0.05).The standard deviation for ammonia consumptiorsratas higher for live rock0(04
mg * hkg?), compared to the standard deviation of thelyioks (0.01 mgth kg?), indicating
that live rock may have oxidized ammonia more efficiently than the bricks. This could be due to
more surface area dhe live rock compared to the bomicks. However, this difference is subtle
and in the scope of our study both media are equally suitable substrates for promoting the oxidation
of ammonia in reef systems. Repeating this study with similar sized live so@&ktending the
study could eliminate this variable.

Though this study did not look specifically at nitrite consumption rates, we did find that
nitrite and nitrate levels did not differ significantly between live rock andbbiaks, with pvalues
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of 0.94 and 0.34, respectively. There was more variation amongst therldQ levels in each

trial compared to the variation seen in thesNBnsumption rates, with the highest variation seen

in NOzs levels. This is most likely because B the final byproduct of NK oxidation, and is

more likely to reflect the subtle variation in each previous step of the process. However, because
the levels did not differ significantly between the live rock anddrioks, we can assume the
oxidation of nitrite was alsoomparable between the substrates.

Retail price for each brick is about $39.99 (Bulk Reef Supply). Average wholesale and
retail prices, for live rock ranges from $7.24 to $19.80 per kg, respectively. Economically,
hobbyists in coral aquaculture may fitiee biebricks to be less cost effective than live rock. The
amount of live rock needed to maintain stable water quality in a coral reef aquarium varies
depending on the size of the tank they are being usdyjpacally, 0.5-1.5 kg per gallon of live
rockis neededo maintain stable water quality. Given the results of this trial, in order to replace
10 kg of live rock at an approximate cost of $/&198, 10 biebricks would be needed, which
would cost about $400. This is a price difference of up to aiedo, which may be too cest
inhibitive for both hobbyists and public aquaria to completely switch tdobaks. The biebrick
is a new product on the market, and not a lot of people are aware of it, or have used it before. As
more of this product is punased, retail prices may eventually dremyne et al., 2012), and more
public and private aquarists will be able to purchaseuardooth biebrick and live rock in coral
aguaculture. Live rock can vary greatly in size, and depending on size of sonmagdkouse a
larger microbiome due to the variation in surface area. This could have affected our results since
the live rock masses were different and thellyiock masses were very similar.

In the case of the AZA Florida Reef Tract Rescue Projectptingary goal is to protect
stony corals from a massive disease outbreak, but it is also imperative that the existing reef is
protected to the greatest extent possible, which includes conserving the healthy live rock left on
the reef. Products like bibricks may allow small and large coral holding facilities to cycle bio
secure tanks without a dependency on locally harvested live rock. This will not only help with
shipping costs, but will reduce the amount of live rock being harvested from these strelssed an
endangered reefs.
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Joint Symposium & Wo
March 28th T April 15, 2020

Host: Johnny Morri so

Wonders of Wildlife Museum and Aquarium
500 W Sunshine St, Springfield, MO 65807

We, the AALSO and RAW leadership, are thrilled to announce that for the first time,
RAW (Regional Aquatics Workshop) and AALSO (Aquatic Animal Life Support Operators) are
joining forces for a joint symposium in 2020. This joint conference is an unprecedented
opportunity for aquarists, curators, biologists, and researchers to collaboragengiranation,
and connect with life support operators, water quality technicians, and mechanical systems
professionals from across the aquarium and zoological industry.

Registration

You must be a current AALSO Operator Member before registering as an Attendee
for the 2020 Joint Symposium & Workshops for taxes and liability purposesThere will be
4 types of registrations this year, Attendee, Exhibitor,-Eghibiting Vendor and Guest

Attendee Registration:
1 Become an AALSO member now here;
o https://aalso.wildapricot.org/padl 6287
1 Register here:
o https://www.smartsoureeeg.com/202€nalso/4343/Site/Reqister
1 Early Bird: $395.00 until Sunday March 1st, 2020 at 11:59 PM
1 Late Registration: $495.00 after March 1st 2020
1 AttendeeDay Pass: $125.00
1 Attendee Sponsorship Applications will open in the fall with a deadline of February 1st, 2020.
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T This registration is open to all operators, technicians, biologists, aquarists, curators, directors
and students

1 Attendee Cancellation Policyttendees can cancel with a full refund up to seven (7) days
before the start of the Symposium. Substitutions from the same facility can be arranged without
penalty. Please send an email to treasurer@aalso.org to initiate a cancellation or substitution.

Exhibiting and Non-Exhibiting Vendor Registration:

All Booths for 2020 Symposium have been sold!

If you would like to be placed on the waiting listgo to the vendor symposium page.
http://new.aalso.org/symposiunendorboothlayout

The Hotel
T University Plaza Hotel, 33 John Q. Hammons Parkway Springfield, Missouri 65806
1 Rates with hotel block code
A Single King or Double Queen: $121.00/night
A King Suites: $141.00/night
Book your room:
{1 https://reservations.travelclick.com/17728?grouplD=2462933&hotelID=17728#/guestsandrooms
1 Or call the hotel a#17-664-7333, and please mention AALSO for the group rate.

The Conference Center

1 Springfield Expo Center

1 Located across the street from the University Plaza Hotel

T The Lecture Hall and Banquet will be held in the Convention Center, and the Exhibiting
Vendor Hall, Registration, and AALSO Storancbe found in the Expo Center.

The Airports

The local airport is th&€pringfieldBranson National Airpd(SGH

1 Itis served by: United, Delta, American Airlines, and Allegiant.
Other airports in tharea:

1 3 hours away in Kansas Citifansas City International Airpo(MCI)

1 3 hours away in St. LouigambertSt. Louis International AirporSTL)

Further Details
All of the above information and more can be found at:
http://new.aalso.org/202@int-aalseraw-symposiumandworkshopspringfield

AALSO / RAW Joint Symposium FAQs:

Why is the registration fee more expensive than usual for a RAW conference?

The early symposium registration rate will be $395, significantly higher than previous
RAW conference registration fees. But in addition to all stanB&/ conference program
opportunities, the registration includes:
o Free public admission to Wonders of Wildlife any time during the conference.
o 2020 Conference-ghirt
o Daily hot breakfast AND lunch during the main conference.
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Icebreaker event admission tcoW, including transportation, food and (2) beverages
Includes all hands on, dry and/or classroom style workshops.

Includes all hands on, wet workshops on the B.A.W.L (Big Automated Water Loop)
Includes all admittance to all lectures

Includes ability to tak LSS or Water Quality Certification exams

Admission to final night Certification Banquet, with buffet dinner

Access to ~75 industry vendors at the expo.

O O O 0O 0o oo

Webve negotiated a very low, $121 / night
more affordble than most recent RAW conference hotels. We expect that the total cost for
attending 20206s conference wil/l be in |Iine w
your travel logistics.

Why do | have to become an AALSO member to register fothe conference?

As a legal functioning body, AALSO must provide insurance to cover the conference
activities of a formal membership bodyhe nominal $20 AALSO membership fee provides
you AALSO membership for one year. You MUST be a member of AALSO bgfarean
finalize your registration. | f you are not al
prior to your online symposium registration.

What will be different this year from past RAW conferences?

In addition to our traditional robust scheelwif talks, networking opportunities, and TAG
activities, the AALSO / RAW joint symposium will offer exam opportunities for both LSS and
WQ certification programs, access to dozens of handsorkshops, a massive vendor hall, and
the worldfamous BAWL By Aut omat ed Water Loop) . |t 61 | be
expect from RAW and more!

Will there be a registration cap this year? How about presentations?

There will be no registration cap for the 2020 joint conference. We expect at least 600
attendeesral potentially many, many more. There will, as always, be limited space in the
program for formal presentations and a call for abstracts will go live in the fall of 2019.

What about next year and the future of RAW?
For now, the RAW / AALSO conferee partnership isanetimeevent . Wedol | r e
a standalone RAWonference in 2021 in Orlando, FL.

Rough Agenda(next page)
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8:00 am to 4:00 pm OSHA Part 1
8:00 am to 4:00 pm CPO Course
9:00 am to 12:00 pm Marine Fish Taxon Advisory Group Steering Committee- Closed
9:00 am to 5:00 pm BAWL Setup

1:00 pm to 4:00 pm

Freshwater Fish Taxon Advisory Group Steering Committee- Closed

4:00 pm to 7:00 pm

Agquatic Invert Taxon Advisory Group Steering Committee- Closed

8:00 am to 4:00 pm OSHA Part 2
8:00 am to 6:00 pm Attendee and Guest Registration
9:00 am to 5:00 pm BAWL Setup

10:00 am to 12:00 pm

Marine Fish Taxon Advisory Group- Public

10:00 am to 12:00 pm

LSS 3 and WQ 1&2 Exam Review Sessions

1:00 pm to 3:00 pm

Freshwater Fish Taxon Advisory Group- Public

1:00 pm to 3:00 pm

WQ 3 and LSS 1&2 Exam Review Sessions

12:00 pm to 6:00 pm

Vendor Registration

3:00 pm to 5:00 pm

Aquatic Invert Taxon Advisory Group- Public

5:00 pm to 8:00 pm
(6:30 pm to 7:30 pm)

Ice Breaker/Vendor Interaction
Poster Session

7:00 am to 8:00 am

Registration and Breakfast

7:30 am to 8:00 am

Vendor Meeting- Vendor Hall

8:00 am to 8:30 am

Opening Ceremonies

8:30 am to 8:50 am

Host Facility Spotlight

8:50 am to 9:25 am

Exhibiting Vendor Introductions

9:25 am to 09:40 am

First Time Attendee Presentation

9:25 am to 10:10 am

Break / Vendor Interaction

10:10 am to 12:00 pm

Lecture Series & Workshops

12:00 pm to 1:00 pm

Lunch / Vendor Interaction. Felts Vendor Hall

1:00 pm to 2:30 pm
(1:00-2:30)
(1:30-2:30)

Certification Test WQ 3 & LSS Levels 1, 2 & Workshops
WQ Level 3
LSS Levels 1 & 2

2:30 pm to 3:15 pm

Break / Vendor Interaction. Felts Vendor Hall

3:15 pm to 4:45 pm
(3:15-4:45)
(3:45-4:45)

Certification Test LSS 3 & WQ Levels 1, 2 & Workshops
LSS Level 3
WQ Levels 1 & 2

6:30 pm to 10:00 pm

Evening Event at Wonders of Wildlife
Busses depart hotel at 6:15

7:00 am to 8:00 am

Breakfast

8:00 am to 9:20 am

Lecture Series & Workshops

9:20 am to 10:00 am

Break / Vendor Interaction. Felts Vendor Hall

10:00 am to 10:45 am

Lecture Series & Workshops

11:00 am to 12:00 pm

The Future of AALSO, Business Meeting, Elections (OK/IL)
RAW Business Meeting (Lecture Hall)

12:00 pm to 1:00 pm

Lunch / Vendor Interaction. Felts Vendor Hall

1:00 pm to 2:30 pm

Lecture Series & Workshops

2:30 pm to 3:00 pm

Break / Vendor Interaction. Felts Vendor Hall

3:00 pm to 5:30 pm

Lecture Series & Workshops

7:00 am to 8:00 am

Breakfast

7:30 am to 8:00 am

Vendor Meeting Elections- Vendor Hall

8:00 am to 9:40 am

Lecture Series Block 6 & Workshops

9:40 am to 10:30 am

Break / Vendor Interaction. Felts Vendor Hall

10:30 am to 12:00 pm

Lecture Series & Workshops

12:00 pm to 1:00 pm

Lunch / Vendor Interaction. Felts Vendor Hall

1:00 pm to 3:40 pm

Vendor Breakdown

1:00 pm to 2:30 pm

Lecture Series & Workshops

2:30 pm to 2:45 pm

Break

2:45 pm to 4:00 pm

Lecture Series & Workshops

6:30 pm to 9:30 pm

Certification Banquet
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