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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 be a box-office 

success. We are 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 financially or 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 giving its country 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 Darwin'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 straight 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 large tank {é} in which a large community of local 

fishes or reef fishes, or a few porpoises can be displayed. Tanks should be arranged 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 

straight-line arrangement, and it is much more interesting. However, this plan for display tanks is 

more expensive to install than a straight-line arrangement, because water lines, trough drains, and 

the raised service platform must follow the irregular route. 

  

 As Earl Herald 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 Sepioteuthis lessoniana (Bigfin Reef Squid) AT THE MONTEREY  

 BAY AQUARIUM  

Alicia Bitondo, Aquarist II abitondo@mbayaq.org 

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

 

 

Abstract 

The Monterey Bay Aquarium has kept S. lessoniana continuously since June 2013.  This 

study contains data recorded from January 2017 to January 2019, tracking 23 cohorts from four 

genetic lines.   Official hatch date of each cohort was approximated using the average hatch date.   

Parameters tracked included temperature, size, dietary milestones, tank transfers, and egg laying, 

all recorded with respect to days post hatch (dph). New genetic lines are started with wild-caught 

eggs, and historically our animals have been bred up to eight generations.  The eggs hatch after 

about three weeks, and hatchlings will take adult mysids within the first two 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 moved to successively larger enclosures. Our animals are exhibited in an 1875-gallon tank 

along with coral, small rock structures and tall plastic grasses.  Mature females use these grasses 

to lay their eggs, which are then collected, treated and incubated until hatching.  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 lessoniana (commonly known as Bigfin Reef Squid, Oval Squid or BFRS) are 

a neritic, schooling squid favoring shallower nearshore habitats (Nabhitabhata, 1996).  This species 

is widely distributed in the Indian Ocean, found 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 Fahrenheit (ºF) is 

described.  Metabolic rate, growth and behavior differ depending on temperature in both the wild 

and in captivity, though maximum age does not seem to be affected (Segawa, 1995; Forsythe, 

Walsh, Turk, & Lee, 2001; Jackson & Moltschaniwskyj, 2002).  In Japan the squid tend to spawn 

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 5-10% wet body weight per day depending mainly on temperature and nutritional 

intake (Forsythe, Walsh, Turk, & Lee, 2001).  Feeding 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 fed frequently (Lee, Turk, Yang, & Hanlon, 1994; Forsythe, Walsh, Turk, & Lee, 2001). 

Wild caught adults have been exhibited at several aquariums, but the in-house culturing of squid 

for exhibit at public aquariums is relatively new.  

 

Egg Care 

The process of culturing BFRS begins with egg acquisition, whether wild caught or 

cultured (wild caught eggs are used to begin new genetic lines).  Our captive-raised females will 

lay on fake grass bunches with blades of 1/4-inch width and of lengths varying from 1-3 feet (Fig. 

mailto:abitondo@mbayaq.org
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1A).  They prefer grass that already has eggs on it but will lay on bare grass if that is all that is 

available. The males clean the eggs, so it is ok to leave them undisturbed for about a week to 

encourage more egg laying. After a week the eggs need to be removed, 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 communication in coleoids. The pale side faces a possible aggressor and signifies 

submission to reduce the likelihood of an interaction. 

 

 

The egg cases or ñfingersò are attached to the grass in bunches by a tough, fibrous material 

sometimes referred to as the ñcuticleò.  Remove bunches from the grass by hand, dislodging the 

cuticle at its attachment point and sliding individual blades of grass out while the eggs remain 

submerged.  Place in a container of water dosed with Revive coral cleaner at four capfuls per gallon 

for ten minutes.  This process removes parasitic copepods that eat the egg casing.  Then place the 

eggs in clean water to trim off the cuticle, which is extraneous and prone to decay. Use a sharp 

pair of small dissecting scissors to separate each egg case from the main bunch, but do not penetrate 

the egg casing. 

  

Once the eggs are trimmed, they can go into a mesh basket in the hatch tank (See Appendix 

A for dimensions) at 76-78ºF.  Baskets should be large enough that the eggs spread into a layer no 

thicker than two or three egg cases in height.  We typically use polyethelyne mesh with a quarter-

inch (6.4 mm) opening for our baskets.  This size mesh is small enough to cushion the eggs but 

large enough to let hatchlings escape. The basket should be suspended 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 can trigger premature hatching, 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 from the tank and placed in a bucket 

premixed with 1ml Betadine per liter water for 10 minutes.  Bacterial decay of the egg casing 

causes a mottled appearance Fig. 2D).  If egg casing is showing excessive bacterial decay, a second 

Betadine dip can be done.  This must be before the embryo is fully formed as in Figure 2D, or it 

will incur premature hatching.  
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Figure 2. Egg development.  Mesh size is ıò. A) 12 days: individual eggs are defined and slightly 

transparent. B) 20 days: eggs are elongate, swollen, embryo is just 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 at an average of 25 days post laying with a range of five to six days 

at 78ºF.  While eggs are hatching, remove spent or rotten egg cases, fallen yolks, and dead 

hatchlings, but avoid touching viable unhatched eggs.  At this stage it is very important to disturb 

them as little as possible, as pressure triggers premature hatching.  Premature 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 days, ranging 

from 50-100% depending on nutrition, flow, temperature, and the impact of external stimuli such 

as light.  Initial cohort size should ideally be at least three times the target number of adults. 

Fortunately, the hatchlings are not sensitive to high densities during the first 30 days.   After the 

first month the weak hatchlings will have mostly died out. Mortality after this point is mainly due 

to aggression, stress and cannibalism. These factors increase with age and stocking density (see 

Appendix A). 
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Figure 3.  A) Hatch Tank, B) Eggs at 30 days: peak of hatching, C) 7 dph. 

 

 

Hatchlings will initially be pale (Fig. 3B), but robust hatchlings should exhibit a dark 

coloration within the first 3-5 days (Fig. 3C).  Paleness is common in the youngest 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 

patterns (see Figure 4).  Arms up in two forks (Figure 4B, 4C) usually indicates defensive behavior, 

while hanging arms and especially tentacles (Figure 4A, 4D) is a more relaxed posture.  Once they 

begin to school, they will often exhibit identical behaviors.  It is at this point that density becomes 

a concern (see Appendix A). 

 

 
Figure 4. Behavior at 31 dph A) hanging tentacles down, B) arms up 

in two forks with beak open, C) Clear posterior, arms in V, D) Clear 

arms/tentacles with dark tentacle tips hanging down. 
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In general, our squid are kept between 74-78ºF. It is best to keep juveniles at the higher 

end of this range so they have a healthy appetite (Segawa, 1995).  This relationship can be 

exploited if you want to speed up or slow down growth if holding space is limited, or a greater gap 

in size of cohorts is desired.  Though growth rate will change, maximum size and age at maturity 

do not seem to be affected by temperature (Nabhitabhata, 1996). In one of our trials, two 

populations from the same clutch were kept at two different temperatures, 74ºF and 78ºF beginning 

at three months of age.  The warmer cohort grew more quickly, but both groups laid eggs within 

one day of each other though they had been separated for over two months.  

 

Diet 

Sepioteuthis lessoniana has an extremely high metabolism. Jackson & Moltschaniwskyj 

(2002) emphasize that nutritional intake is just as important as temperature in influencing growth 

rates. BFRS are highly cannibalistic even when adequately fed, and frequent feedings mitigate the 

occurrence of aggressive interactions.  To 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 rounds, 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 animal (Fig. 5). Pacing of feeds, especially 

once the animals start becoming more competitive around 30 dph, is also key.  Too slow and they 

will fight over the food items, but if 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. A) 12 dph with adult mysids, B) 31 dph with grass shrimp, C) 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 maintaining live 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 (ex: Americamysis bahia, Fig 5A), but the squid may not feed 

for the first 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 the squid. The 

hatchlings will not take mysids off the bottom during the first week, so many smaller, spread out 

feeds increase the amount of time food items are suspended. If there are excess mysids on the 

bottom, they can be resuspended using a turkey baster or with the spray bar rather than adding 

additional mysids.  Hunting off the bottom starts to occur around 10-12 dph, and at this point 

excess mysids are not as detrimental.  Once the animals are eating reliably, they should receive six 

feeds a day regardless of age, size or food item. 
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Hatchlings will start taking tiny grass shrimp or larval fish at any age as long as the items 

are not bigger than they are (Fig. 6B).  Squid need a high amount of protein and do not have large 

fat stores, so fish are an ideal food source (Jackson & Moltschaniwskyj, 2001).  Because finding a 

large and steady supply of larval fish can be a challenge, we typically use live grass shrimp of 

progressively larger sizes that have been enriched with krill (Euphausia pacifica) until the squid 

are large enough to take live rosy red minnows (Pimephales promelas, Fig. 5C).  This happens 

around 40 dph, and grass shrimp are then alternated with fish throughout the day.  

 

It is important that the squid eventually move to a diet of lean baitfish like silversides 

(Menidia menidia) or whitebait (Spirinchus starksi), that are available 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 siphoned at least once a day, in addition to being monitored for ammonia.  Our squid 

start taking thawed silversides 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 will take a while for them 

to all take it.  

 

Whole fish should be tossed into the tank, but do not reach over the tank as overhead motion 

will spook the squid and they may not notice the food.  If an individual is interested in a food item 

it will point its arms towards it and the patch above its eyes will pulse between light and dark. 

They will either ñattackò it using their tentacles, or ñgrabò it more gently with their arms. Start the 

transition to frozen fish by offering it exclusively at the first feed of the day, when 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 day.  Once the 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  

BFRS should be handled as little as possible, however some handling is necessary as they 

will need to be transferred into successively larger tanks as they grow.  This must be done 

incrementally because too much space is detrimental (for further discussion on density see 

Appendix A). It is important when moving the squid to minimize stress, and to prevent air from 

entering the mantle cavity.  

 

To capture the squid, corral them using nets one at a time and transfer into an intermediate 

vessel.  Brine shrimp nets work well for catching them because their fine mesh gets clogged by 

the squidôs mucus, slowing the drainage of water (Fig. 6B).  Cradling the animal with a hand keeps 

it mostly submerged as it 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 behaviors such as jetting or 

inking when in a smaller container.  Stressed out BFRS rapidly consume oxygen, and squid ink is 

highly viscous, increasing the likelihood of asphyxiation.  If the squid does ink, the best thing to 

do is get it into new water as soon as possible, ideally into its new enclosure if close by.   
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For squid younger than 40 dph a two-liter beaker can be used for transportation of up to 

ten squid at a time (Fig. 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 behaviors. At 40-90 dph two or three animals can be transported together in a three-

gallon bucket.  At 90-150 dph, move one squid per three-gallon bucket.  Larger (greater than 150 

dph) squid stay the calmest when moved individually in a container whose diameter is close to 

their total body length. 

 

To release a squid into its new enclosure, dip the transport vessel into the water deep 

enough that it can swim out without contacting the air, and use a gloved hand under the ventral 

mantle to guide it.  Position the animal with its posterior down so that the initial mantle contraction 

will expel any entrained air upward.  We call this method ñburpingò, and it is a common practice 

when handling cephalopods.   

 

 

Figure 6. A) 31 dph squid are added to a 2x3 using a beaker. B) 90 dph capture with brine net C) Adult 

squid calm in bucket.  

 

 

Exhibition   

When adding a new cohort of squid to exhibit, several factors should be considered. 

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 they will have 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 rate of S. lessoniana, the progeny of the exhibit 

adults will likely not be ready for exhibit before the adults die.  The ideal grow-out process 

propagates two genetic lines at approximately a three-month offset, with several cohorts of 

different ages.  The ability to keep several cohorts of different sizes will be limited by the number 

of large holding tanks available. w 

 

Aquascaping of the exhibit can vary. We use a combination of rocky reef structure, corals 

and fake grass.  BFRS are capable of navigating around hard structures, but the surface area of 

vertical structures should be kept to a minimum. BFRS will tolerate the relatively high light and 

flow levels neeed to support photosynthetic invertebrates as long as they are acclimated during 

development (Appendix A). The animals will tend to orient facing the window, often chasing the 

reflection of food.   
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Mitigate aggression by spreading feeds throughout the day, however overnight cannibalism 

is likely to occur occasionally and so the population will naturally dwindle over time.  Larger 

males tend to attack females and smaller males, leaving bite marks or eating part of the body 

(usually the head).  This becomes more common as animals mature and begin mating.  If there is 

one obvious aggressor, it can be removed to elongate a cohortôs stay on exhibit.  The swapping out 

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 cleaning that requires removing the animals, such as bleaching or diving. 

  

 

Figure 7. November 2019 BFRS 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 wild-caught and laboratory cultured S. 

lessoniana (Ikeda, Anderson, & Matsumoto, 2009).  For this growth study 78 individuals were 

measured post mortem, and size was plotted vs. age (Fig. 8). Undifferentiated BFRS (ñUò) seem 

to grow linearly up to about 150 dph.  At this point the it appears the males  grow much more 

quickly than the females, resulting in a sexual dimorphism that is usually obvious by 150 dph (Fig. 

9A). Jackson (1989) noticed a similar dimorphism in wild caught individuals.  

 

Reproduction:   

Males will begin guarding females as demonstrated in Figure 9A.  To mate, the male will 

swim directly above the female, rotate upside down and then flip itself over and grab the femaleôs 

arms with its own as it inserts a spermatophore into her mantle (Figure 9B).  Eggs are laid 

beginning anywhere from 118 to 171 dph and eggs may be laid over a period of up to three months.  

Increased aggression causes mortality especially in females as size dimorphism between males and 

females as well as between dominant and subordinate males widens.  
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Figure 8.  DML (mm) vs Age (dph). U=unknown M=male F=female. 

 

 

 

Figure 9.  A) Sexual dimorphism/mate guarding, male on left. B) Mating, female on left. Note horizontal color 

bands on male.  C) Female BFRS with eggs visible as the yellow mass inside her posterior mantle cavity. 

 

 

Appendices  

Appendix A: Enclosures 

BFRS are 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 dph, and so the 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 15-20 squid works well with our standard holding tank dimensions, and 

we typically do two animal transfers.  The first transfer is from the hatch tank to a ñ2x3,ò then 

from a 2x3 to a ñ4x8ò or the exhibit. Table 1 outlines the dimensions of these tanks, and the age 

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

 
 

 

 

Figure 10.  Squid in ñ2x3ò at both ends of range A) 31dph B) 88 dph. 

 

 

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 light over the tank bright enough that all 

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 light meet (Lee, Turk, 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 occur as animals contact the sides of any tank.  Hard collisions 

can break the squidôs pen, and even small abrasions in their thin epidermis can quickly worsen.  

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

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

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. Lids are necessary starting around 40 dph 

and are sufficient up to 60-70 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 above water 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.   

Outer dimensions (LxWxH)House Name Days Post Hatch

24"x12"x24" Hatch tank 0-34

36x"24"x30" 2x3 34-78

96"x48"x36" 4x8 78-
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Figure 11. A) Lid on ñ2x3ò with feeding port B) Modular PVC frame and mesh jump 

guards on exhibit 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, using chemicals including 

ethanol, MS222 and Magnesium Chloride, have all induced jetting and inking in our BFRS.  Dr. 

Mike Murray introduced a new two-step protocol for cephalopod euthanasia to our team in 

December of 2018.  Step One is the dosing of a Magnesium Chloride 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 with saltwater is 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 over their container and begin relaxing visibly within about five minutes of initiating 

the dosing.  The end goal of this step is to depolarize the nerves of the animal, effectively killing 

it.  Step Two is decerebration, an incision along the anterio-posterior plane between the eyes.   

 

This method has been a huge improvement, greatly reducing stress for both animals and 

aquarists.  It has been used on over 20 BFRS of various ages ranging from hatching to large adult, 

with no jetting or inking observed.   
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Abstract 

Ectoparasites provoke a variety of medical issues in public aquarium animal collections. 

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 Aquarium (2018). This 

opportunity provided a foothold for understanding variables involved with infection and follow up 

responsive treatment. Temperate marine fishes were submerged in freshwater to allow collection 

of detached ectoparasites. Among 23 species (7 families) of marine fishes that were moved and 

sampled, three parasites were focused on for this study: the hirudinean leech, Heptacyclus 

diminutus (n=1,866, average prevalence 57.6%), the capsalid monogenean, Neobenedenia melleni 

(n=11,804, average prevalence 84.9%), and the lernaeopodid copepod, Clavella parva (n=233, 

average prevalence 18.3%). Comparisons of mean abundance were made between host species, 

host exhibit and host size. Developing a better understanding of the variables involved between 

hosts and parasites allows aquarists to improve methods that prophylactically and responsively 

manage parasitic ailments. 

 

Introduction 

Point Defiance Zoo and Aquarium (PDZA) has historically managed chronic parasitism 

associated with its displays of native fish, often 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 and resources had prevented a more in-

depth look 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 itself to examine some of these hypotheses in 

a more structured way.  As fish were moved out of the NPA, they were put through responsive 

quarantine treatments in isolated batches specifically targeting those parasites 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 from fish housed in 12 exhibits and 2 off-exhibit holding systems.  

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 dimensions, volumes, and shapes of the exhibits as well as a brief 

overview of heterospecific species not sampled for this study that were displayed within each. (see 

Appendix 1) Natural seawater was supplied to the North Pacific Community (NPC) exhibit from 

a pump station at the nearby shoreline after being filtered through rapid sand filters.  All other 

mailto:john.foster@pdza.org
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smaller NPA exhibits were supplied seawater from the NPC and all overflow returned to the Puget 

Sound.  

 

Exhibit Fish 

The NPA was devoted to the display of native north Pacific invertebrates, teleosts and 

chondricthyans focusing on ecosystems scattered around the Salish Sea, with emphasis on Puget 

Sound.  The majority of the teleost species consisted of the Sebastes genus of rockfish which made 

up 84% of the fish utilized in this study.  The Sebastes species displayed included: S. auriculatus 

(brown), S. caurinus (copper), S. diaconus (deacon), S. diploproa (splitnose), S. emphaeus (Puget 

Sound), S. flavidus (yellow tail), S. maliger (quillback), S. melanops (black), S. miniatus 

(vermillion), S. nebulosus (china), S. nigrocinctus (tiger), S. pinniger (canary), S. ruberrimus 

(yellow eye) and various hybrids collectively referred to in this study as Sebastes spp.  

Additionally, we sampled ectoparasites from the following species in the collection: 

Hexagrammos lagocephalus (rock greenling), Hemilepidotus hemilepidotus (red Irish lord), 

Anarrhichthys ocellatus (wolf eel), Hexagrammos decagrammus (kelp greenling), Platichthys 

stellatus (starry flounder), Embiotica lateralis (striped perch), Acipenser transmontanus (white 

sturgeon), and Ophiodon elongatus (ling cod). 

  

Parasite Biology 

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, infection, and feeding behaviors (Rhode et 

al., 1995, Pouin, 2013).  This section will briefly compare those aspects of the three major parasite 

species observed.  Similar biological aspects found among the three species include direct life 

cycles, portions of the life cycle spent away from hosts, ingestion of host tissues or fluids for 

nutritive purposes, compromise of the host epidermis allowing for possible secondary infections, 

and temperature dependent reproductive rates capable of resulting in high numbers of viable 

offspring (Brazenor and Hutson, 2015, Ravi and Yahaya, 2016).  

 

Neobenedenia melleni 

The capsalid monogenean, Neobenedenia melleni was found on the surface of skin, fins 

and eyes of host fish.  The adults are oviparous and simultaneous hermaphrodites, with the 

capability of viable self-fertilization across multiple generations, each able to produce up to 200 

eggs/day (Hoai and Hutson, 2014).  Eggs are produced with long threads that entangle on textured 

surfaces following release into the water.  Free swimming, ciliated larvae called oncomiracidia 

hatch and begin to use chemicals emitted by potential hosts to rapidly search for infection 

opportunities (Trujillo-González, 2015).  Once successfully attached, they roam over the surface 

of the host and feed on epithelial cells and mucous, growing from ~50 µm to upwards of 2500 µm 

in as little as ten days (Brazenor and Hutson, 2015).  At this point the cycle begins anew (see 

Figure 1). 

 

Wild counterparts reproduce aggressively with the hope that a few offspring have the 

opportunity to achieve sexual reproduction, whereas the same tactics applied in the restricted 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 mechanisms these parasites use to hold fast to the slick surface of their 
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hosts include a large posterior disc-shaped sucker with four sharp hooks called hamuli and two 

anterior suckers lacking hooked structures (Trujillo-González, 2015).  As they move over the skin 

of their hosts, they may create physical punctures through the epidermis, exposing the fish to the 

potential of secondary infections (Koneko II et al., 1988, Thoney and Hargis, 1991).  Variations 

in host scale size and pattern and other anatomical proportions may impact available attachment 

and feeding sites for N. melleni (Trujillo -González, 2015). 

Figure 1.  Life cycle of Neobenedenia melleni. Adult capsalids live and feed on the outer surfaces of various 

northeast Pacific fishes (A). Cross or self-fertilization (hermaphroditism) results in viable eggs being released 

into the environment (B). Eggs entangle upon surfaces and each other and embryos begin to develop and show 

eye spots (C) before free-swimming oncomiracidia hatch (D) and begin to seek out potential hosts (E). 

Oncomiracidia attach to host fish and begin to feed and grow into reproductive adults. 

 

 

Heptacyclus diminutus 

The hirudinean leech, Heptacyclus diminutus (previously known as Malmiana diminuta) 

(Williams and Burreson, 2006) was found often on pectoral, pelvic, anal and tail fins and 

occasionally on the body of host fish.  Like N. melleni, the adults are oviparous and simultaneous 

hermaphrodites, however they differ in that adult H. diminutus leave their fish host to lay cocoons 

individually or in small clusters on hard surfaces.  It is unknown if copulation takes place on either 

the host or in the environment (or both).  Each cocoon of this species contains a single egg 

(Burreson, 1975).  Once hatched from the cocoon, 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. 

 

 
Figure 2.  Life cycle of Heptacyclus diminutus. Adult and juvenile leeches attach to fins and body of various 

northeast Pacific fishes (A) and feed on host blood. Adults prepare to reproduce and leave the host fish to lay 

eggs in the environment (B). Fertilized eggs are laid individually in cocoons on hard surfaces (C). These 

cocoons are very durable and firmly adhere to rockwork and glass of aquaria.  Within the egg, a juvenile leech 

develops over a few weeks (D) before hatching, leaving the cocoon and crawling to find a suitable location to 

attach to a host fish (E). Juvenile H. diminutus adhere to surfaces, often with only their posterior sucker disc, 

leaving the rest of their body to sway outstretched in the water column (F). A 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 improve chances of latching using its anterior sucker. Once attach to a host, 

the juvenile leech feeds and grows until it is ready to attempt reproduction. 

 

 

Juvenile H. diminutus are independent of hosts for longer than the initial life stages of the 

other marine parasites addressed in this study.  Viable juvenile leeches were observed to persist in 

exhibits for 120-140 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 capsules before hatching, however 

identifiable individuals were observed on exhibit walls and rockwork for over 6 weeks before 

succumbing to presumed starvation.  This long independence would benefit wild H. diminutus, as 

juvenile leeches may have relatively few opportunities to attach to a host fish.  Host fish also show 

varying degrees of petechial hemorrhages along the fins and body wall indicative of blood feeding 

sites and points of potential exposure to secondary infections (Burreson, 1979).  Variations in host 
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scale size and pattern, and fin and epithelial thickness and vascularization may impact attachment 

and feeding strategies of H. diminutus. 

 

Clavella parva 

Compared to the number of possible life cycle stages seen in other parasitic copepods, 

Clavella parva has relatively few.  Larger females attach to 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 which free swimming nauplii hatch directly 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 

a final molt into a unique stage referred to as a pre-adult or ñpupa,'' which then begins a continuous 

metamorphosis into a reproductive adult (Kabata, 1982) (see Fig. 3). 

 

 
Figure 3: Life cycle of Clavella parva. Adult female copepods attach to fins and gills of various northeast 

Pacific fishes (A) and feed on host tissues. The comparatively large females grow paired egg sacs (B) and 

harbor minute reproductive males (C). Eggs are retained within the paired sac structures, where they develop 

before hatching free-swimming nauplii into the water column (D). Nauplii undergo a single molt into the 

infective free-swimming copepodid stage (E) which endeavors to attach to a host fish and undergo a final molt 

into a pre-adult or ñpupaò (F). The pre-adult then begins a continuous metamorphosis into a reproductive 

adult. 

 

 

Attached C. parva feed on host epithelial cells.  Unlike H. diminutus and N. melleni, the 

female copepods remain attached at the same point of fin tissue for the entirety of their sub adult 

and adult life.  Points of attachment and host tissue feeding potentially expose the host fish to 

secondary infections, as seen in other parasitic copepods (Ahne, 1985, Mulcahy et al, 1990). 


