DRUM an
CROAKER

A Highly Irregular Journal for the Public Ag

Volumé&l Jan. 220




15

39

86

99

109

121

125

132

136

162

Drum and Croake®1 (2020)

TABLE OF CONTENTS
Volume51, 220

Drum and Croaker ~50 Years Ago
Richard M. Segedi

The Culture of SepioteuthidessoniangBigfin Reef Squid)
at the MontereyBay Aquarium
Alicia Bitondo

Comparison of Mean Abundances of Ectoparasiteom North Pacific Marine Fishes
John W. Foster IV and Tai Fripp

A Review ofthe Biology ofNeobenedenia mellerdnd Neobenedenia girellae
and Analysis of Control Strategies in Aquaria
Barrett L. Christie and John W. Foster IV

Trends in Aguarium Openings and Closings in North America:1856 To 2020
Pete Mohan

Daphnia Culture Made Simple
Doug Sweet

Hypersalinity Treatment to Eradicate Aiptasiain a 40,000Gallon Elasmobranch System
at the Indianapolis Zoo
Sally Hokeand Indianapolis Zoo Staf

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

Efficacy of Ceramic Biological Filter Bricks asa Substitute for Live Rock in Land-Based
Coral Nurseries
Samantha SiebesindRachel Stein

AALSO & RAW Joint ConferenceAnnouncementfor 2020
Johnny Morris' Wonders &Wildlife National Museum and Aquarium in Springfield, MissQUBA,
March 28- April 1

RetroRAW 2019 Abstracts
The Columbus Zoo and Aquarium, Columbus, OH, US#fay 1317

A Brief Guide to Authors
Cover Photao: Bigfin Reef Squid Alicia Bitondo

Interior Gyotaku: Bruce Koike
Interior Line Art Filler: Craig Phillips D&C Archives



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."

Drum and Croakes1 (2020) 2



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.

Drum and Croake®1 (2020)

11

The

f

[
1



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).
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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).

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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