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[n the colid nudibranch, Hermissenda crassicornis (Eschscholtz, 1831), neural
pathways responsive to light, chemosensory stimuli, and gravitational stimuli con-
verge within the circumesophageal nervous system  (Alkon, 1974, 1975, 1976).
These convergence points, as defined by intracellular recordings, may be important
for ehoice behavior and behavioral modification as demonstrated for this animal.
Maintenance conditions, primarily light-dark cycle, temperature, and diet, had to
be carefully controlled when analyzing both the behavior and the nervous system of
Hermissenda.  The goal of the present study was to establish a laboratory strain of
Hermissenda to provide animals of known history for these stadies, and for studies
on behavioral and neural development in these three sensory pathways,

Hermissenda, a monotypic genns, is widely distributed along the west coast
of North America (Lance, 1966 ; MacFarland, 1966). Tield observations ( Yarnell,
1972 Birkeland, 1974) indicate that Hermissenda, althongh preying primarily on
coelenterates, has a broader diet than most nudibranchs.  Hermissenda and its egg
masses appeared on fouling paneis exposed for one month at a time throughout
the year m Monterey Bay, California (Haderlie, 1968).  Year-round availability
of cggs and adults and a relatively broad diet in the adult stage simiplify cultivation
of Hermissenda.

MATERIALS AND METIIODS
Reproductive periodicily

Weekly shipments of Hermissenda were obtained from Mr. Michael Morris,
Sea Life Supply. Sand City, California.  Ten animals (2.5 + cm in length) were
removed from each week's shipment from May, 1976, to May, 1977.  Animals
were incubated separately on a 121.: 12D schedule at an average sea water tem-
perature (= s.d) of 1417 = 1.8° C, which approximates the mid-point of the
annual temperature range occurring in the natural habitat (9°-18° C; Haderlie,
Mellor, Minter, and Booth, 1975). A daily record was kept of the number of each
set of ten animals that deposited an egg mass.

Fecundily measurcements

Fifty newly-arrived amimals of widely varying sizes (73-3204 mg) were
weighed underwater on a Mettler PN 323 halance, immediately after each deposited
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its first egg mass.  The number of eggs per ege mass was estimated by multiplying
the length of the egg string in mm by the average number of embryos per n.

Egg diameter and egg capsule size were measured through a Zeiss Universal
microscope with a calibrated ocular micrometer.  All computer analyses of data on
growth and reproduction were perfornied on a PD1? 11/10 computer, using standard
statistical packages.

Dict cxperiments

Forty individuals (ten per diet) were mamtained until death on one of four
locally available diets: frozen squid mantle muscle (Loligo pealiiy. mussel
(Mytilus edulis), tunicate (Ciona intestinalis)y, minus the tunie, and an alternating
diet consisting of one day of squid, then mussel, then tunicate, ete.

Weighed animals were placed singly in numbered 7 X 4 cm plastic snap-top
vials which were perforated with slits for water exchange, and maintained at a sea
water temperature of 12 -14° C. An excess of food was provided fresh daily.
Weight, days survived, number of egg masses laid and whether eggs developed
normally were recorded for each animal on each dict.

Larval rearing

Lge masses were incubated at 13°=15° C in 0.22 pm Millipore-filiered (MPF)
sea water.  On day 5 or 6 following oviposition, the veligers were liberated by
teasing apart the egg mass.  Cetyl alcohol flakes sprinkled on the surface of larval
cultures prevented larvae from becoming entrapped in the surface film (Hurst.
1967). The rearing wethod was adapted from that developed for aplysiid larvae
by Switzer-Dunlap and Hadfield (1978). A similar method was employed by
Harrigan and Alkon (1978) to rear the opisthobranch molluses, Elvsia chlorotica
Gould, 1870 and Haninoca solitaria (Say. 1822

Larvae were cultured at a concentration of three per ml i covered one-liter
Pyrex Deakers filled with 800 ml of culture water (0.22 pm MPF sea water
containing 5 ppm chloromphenicol). Cultures were maintained on a 12L: 12D
cycle at an average temperature of 13.8° = 1.2° C. Larvae were transferred three
times a week to clean culture water.  Cultures were fed daily and stirred to
resuspend food and veligers.

Cultures were initially fed equal amounts of [sochrysis galbana and Monochrysis
lutheri at a final concentration of 3.0 X 10* cells per ml and the larger flagellate
Chroococcus saling (strain 3C) at a final concentration of 7.5 x 10% cells per mlb
Food concentration was gradually decreased as the cultures aged.  Algal cultures
were bacteria-free. and were grown in 100 ml aliquots according to the methods
of Guillard (1975).

Juveniles were fed for one week on the hydroid species (provided by Sea Life
Supply) on which they metamorphosed.  They were then fed only on tunicate
(Ciona intestinalis) obtained from Cape Cod waters.  DBody lengths, measured
when the animals were fully extended, were taken weckly: body weights were
taken occasionally.
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Reproductize periodicily

Fertile egg masses, which produced normal veligers, were obtamed every weck
of the vear from sets of ten animals collected from Monterey Bay, California.
Chi-square analysis of an R X C contingency table indicated no significant inter-
action between the number of amimals laying eggs per week and the month of
the vear the eggs were obtained (P > 0.99, df = 33). Hermissenda did not ex-
hibit seasonal periodicity in egg-laying in the laboratory.

Over the one-year sampling period 79% of the total number of animals tested
(n = 490) deposited at least one egg mass. Thirty-one per cent of the animals
laying one egg mass produced a total of 2, 3, or 4 egg masses within the one-week
test period.

Characterisiics of the egg mass

Herniissenda deposits its egg masses, while or pink, in a tight counter-clockwise
spiral.  Structure of the egg mass is further described by Hurst (1967). Diameters
of the first egg mass deposited in the laboratory by the adults (73-3204 mg body
weight) ranged from 0.24 cm to 3.62 em.  Average egg mass diameter increased
lincarly with adult weight (polynomial regression, P < 0.01, df =49). The
number of eggs estimated per egg mass (sce Methods) varied from 6.9 X 10 to
1.0 x 10°

The number of eggs per egg capsule increased with adult weight (P < 0.01)
from one to an average of nine eggs for adults greater than 500 mg. IEggs are
packed one per capsule for adults weighing less than 500 mg. The average egg
diameter was 65.4 = 1.2 pm (n = 70, 7 adults). Egg diameter was not a function
of the number of eggs per capsnle. Egg capsule length increased significantly with
number of eggs per capsule (one-way axvagr, P <0.01) (Table I).

S¢

Larval developmient

Veligers hatch in 5-6 days at 13°-15° C. Unsculptured shells are of about
$ whorl and Dbelong to Thompson's Type T (Thompson, 1961). Average shell
length and width at hatching is 105.9 = 6.3 X 754 = 4.8 um (n = 25). Hermis-
senda has an obligatory veliger stage of at least 34 days.  Metamorphosis is delayed

TaBLE [

Relationship between capsule size and number of eggs per capsule.  Each number represents average
length and width (wm) of 100 capsules, 20 from each of five adults.

Eggs/capsule Length X width (um) (+£s.d.)

1103 £ 10.0 X 762 £ 4.4
145.5 £ 5.8 X 102.3 = 6.1
157.0 &£ 9.9 X 112.8 £ 3.8
1754 &+ 85X 1264 £+ 7.1
185.8 + 10.1 X 141.9 £+ 10.9
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Ficure 1. Growth of veligers in terms of shell length. Vertical bars represent one
standard deviation. Dots represent average shell length; triangles represent the size of the
largest individual measured.

by about 2—4 days after maximum shell length (310.4 = 9.8 pm, n = 11) is attained.

Veligers which were competent to metamorphose were recognized by the
following criteria: presence of eyes, shell length of at least 300 pm, enlargement
of the foot and development of the propodium, reduced swinuning activity, the
veliger remaining on or near the bottom, and the presence of a tooth at the base
of the shell aperture. The average shell length of a sample of veligers did not
accurately reflect the size of the largest individuals. Figure 1 illustrates shell
growth in veligers from three replicate cultures.

On day 34 post-hatching, competent veligers crawled immediately on the thecate
hydroid, Obelia longissima, and on an unidentified thecate hydroid from Cah-
fornia. Competent veligers also crawled on the related species, Obelia geniculata,
collected from Woods Hole, Massachusetts. The velum is lost during the first
12-24 hours after crawling begins. In the next 12-24 hours the larva slowly
crawls out of its shell. During shell exit one pair of tentacle buds and two pairs
of cerata buds grow out of the dorsal surface. The operculum is discarded at
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Fieure 2. Newly mctamorphosed Hermissenda, A pair of tentacle buds and two pairs of
cerata buds are visible.

metamorphosis.  The newly-metamorphosed antmal measures about 400 pm in
length (Fig. 2). The body is still divided into a dorsal visceral mass and a
ventral foot, and the larval digestive system is visible. By four to five days
post-metamorphosis the distinction between foot and visceral mass is lost and the
jnvenile has begun to feed on hydroid tissue,

Metamorphosis occurred only in veligers that reached full development Dhe-
tween days 34-58 post-hatching, although mdividuals settling after day 50 soon
died.  Although larvae may survive up to 76 days, there was little or no shell
growth after day 58.

Diet

Survival of Hermissenda throngh metamorphosis was low.  Addition to a larval
diet of Isochrysis galbana and Monochrysis luthert (5 pm cell diameter) of the
larger flagellate Cliroococcus salina, strain 3 C (10-11 pm cell length) increased
the percentage of metamorphosis from 1 to 5% . Increasing the concentration of
Isochrysis and Monochrysis did not improve the percentage of metamorphosis, nor
did feeding Chroococcus alone.

Post-metamorphic stages, however, were casily maintained in the laboratory.
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\Tartation in diet significantly affected hoth growth rate of adults and number of
days survived, but not number of ege masses laid.  Dicts containing tunicate,
either alone or in combination with squid and mussel, gave the best growth and
survival (Table II).

Initial average weights of four groups of ten small wild Hermissenda each
varied from 299 mg to 509 mg. Average weight gains on cach of the four diets
were: 195.8 = 362.1 myg (squid) ; 12180 = 15143 mg (mussel) ; 2680.5 == 11211
mg (tunicate) ; and 2752.3 = 12684 myg (alternating diet). Animals survived
signficantly longer on tunicate-containing diets than on either squid or mussel
(t-test, £ < 0.01, df = 19). Mean number of days survival on the two tunicate-
containing diets was 03.9 days (range = 3+-122 days).

The total number of egg masses produced did not vary significantly hetween
diets (Table 1I). There was no significant correlation between an individuals
growth rate on any diet and the total number of egg masses produced by that
individual. However, there was a significant positive regression of number of egg
masses produced on days survived, all diets combied (polynomial regression,

P <001, di = 40) (Fig. 3).

Growth rate and reproduction in five F1 adults

From day 1 to day 70 post-metamorphosis mcrease in body length (on a
tunicate diet) was approximately linear, averaging 0.82 = 0.11 mm per day. The
growth rate slowed to 0.35 = 0.17 mm per day between days 71-120 post-
metamorphosis.  The largest individual attained a length of 81.7 wmm, nearly
equalling the length of the largest Hermissenda obtained from the field, 90 mm.
After day 120 food intake decreased and the animals began to shrink.  Death
occurred between 116-137 days post-metamorphosis (X = 128 days).

The average life-span of a laboratory-reared Hermissenda encompasses approxi-
mately 163 days (35 day veliger stage plus 128 day adult stage), confirming that
Hermissenda is a subannual species.

Hermissenda was not observed to seli-fertilize.  No egg masses were de-
posited by F1 adults, which were maintained separately, until three animals were
allowed to copulate on day 65 post-metamorphosis (total egg masses = 28 from
first copulation to death). Two isolated individuals deposited 2-3 sterile egg
masses cach between days 95-133 post-metamorpliosis.

Fertile egg masses were deposited in the laboratory by wild specimens of
Hermissenda as small as 73 myg, and motile sperm were observed in squash prepa-

TaprLe 1

Growth rate, survival, uml egg mass production for ten spcnm( us of lkrml»cmla on each of four diets.

|
Dict | Average growth rate Average days \verage egg mass
1 mg/day survived production

Squxd mantle 10.1 4 11.0 28.0 = 11.4 2.0 £ 1.8
Mussel | 31.4 & 26.7 45.4 £ 14.8 | 3.7 £ 2.4
Tunicate 584 4 35.6 65.0 =+ 25.3 ' 3.5 % 3.9
Alternating } 55.3 + 149 629 £ 7.0 1.9 1.6
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Ficure 3. Regression of number of egg masses deposited on days survival.

rations from wild individuals weighing 34 mg (1.12 cn body length). Egg
production in individuals from wild populations is estimated to begin at about
1.5 months post-metamorphosis and continue until death at 5-8 g, four months
post-metamorphosis.  Both the total number of egg masses produced and the
age at which egg-laying commences depend on age at initial copulation.

DiscussioNn

Hermissenda crassicornis is one of several nudibranch species which have heen
reared through metamorphosis in the laboratory (Bonar and Hadfield, 1974;
Thompson, 1958, 1962, 1967 ; Tardy, 1970: Perron and Turner, 1977 : Harris,
1975). Harris (1975) and Perron and Turner (1977) have successfully reared
nudibranch species having planktotrophic (feeding) larvae from egg to egg.
Other nudibranch species reared have been either lecithotrophic or direct de-
velopers.  Hermissenda has a longer obligatory planktotrophic stage, 34 days, than
either Phestilla melanobranchia Bergh 1874 (Harris, 1975) or Doridella obscira
Verrill (Perron and Turner, 1977).

The length of the veliger stage in [Hermissenda is similar to that reported for
five species of Pacific aplysiid opisthobranchs, 30-34 days (Kriegstein, Castellucci,
and Kandel, 1974 Switzer-Dunlap and Hadfield, 1978). Switzer-Duunlap and
Hadfield (1978) observed a plateau in shell growth before metamorphosis in four
aplysiid species similar to that noted in Hermissenda.  As adults, three of the
four above mentioned aplysiid species were reported to grow to a larger size
in the laboratory than in the field. No specimens of Hermissenda fed in the laboratory
have exceeded the maximum size of wild individuals.

Stages in the life cycle of Hermissenda follow in the same sequence as the
seven general life history stages listed by Bonar and Hadfield (1974) : hatching,
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competency to metamorphose, velum loss, shell and operculum detachment and
loss, and sinking of the visceral mass into the foot. The seventh stage, the
pseudovernis stage, is eliminated in metamorphosing specimens of Heruissenda
which grow tentacle buds and cerata buds as they crawl out of the shell.

The life cycle of Hermissenda, as observed in the laboratory, follows the pat-
tern described for other hydroid-eating nudibranchs by Thompson (1964) and
Clark (1975). Animals used in the present study came only from the Monterey
Bay population; however, reported sizes of eggs and egg capsules, and structure
and size of the egg masses deposited by individuals from other parts of the
species range are within the range of values reported here (Hurst, 1967;
O'Donoghue and O'Donoghus, 1922),

The most variable factor observed in populations of veligers and adults was
growth rate. In the veliger stage part of this variation may have been due
to culture conditions.  Growth of larvaec may have heen inhibited by the anti-
biotic used, chloramphenicol, known to inhibit protein synthesis in eukaryotes as
well as bacteria (Pestka, 1975), or the larval diet may have been suboptimal for
many veligers.

Large laboratory populations of Hermissenda can be maintained on the tunicate
Ciona intestinalis, which is commonly found in Cape Cod waters. Year-round
availability of Ciona and case of collection gives it an advantage over the normal
field diet, which consists primarily of numerous coelenterate species, as well as
tunicates. A mixed diet did not markedly improve growth or survival over the
single item tunicate diet.

In Hermissenda, individuals which have the fastest growth rates are also the
largest adults. A program of selective breeding of Hermissenda will concentrate,
at least initially, on selection for fast growth rates. High selection pressure is
already exerted on the laboratory population in terms of survival in the specific
culture conditions utilized, and because adults are rearcd on a diet of only
tunicate.

We would like to thank Richard Waltz for assistance with the statistical pro-
gramming, Helen Stanley of Woods Hole Oceanographic Institution for providing
the mitial algal cultures, Ruthanne Theran for technical assistance, and Dr. Izja
Lederhendler for his critical comments on the manuscript.

SUMMARY

1. Hevmissenda crassicornis is a subannual nudibranch species that reproduces
year-round.

2. There is a significant positive relationship between adult weight, diameter
of the egg mass, estimated number of eggs per egg mass, and average number of
eggs per capsule.

3. There is a planktonic veliger stage of 34 days minimum at 13°-15° C.

4. Larvae metamorphose on at least three species of hydroids.

5. To develop in reasonable numbers to a state competent to metamorphose
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veligers require a diet that includes phytoplankton of larger cell size (10-11 pm)
than the commonly used Tsochrysis and Monochrysis (5 pm).

0. ANlthough Hermissenda feeds on a wide variety of sessile invertebrate species
in the ocean, a diet of tunicate alone (Ciona intestinalis) promotes good growth
and survival in the laboratory,

7. Ege mass deposition is initiated only after first copulation, except in the
last month of life, and continues from about one-month post-metamorphosis to
death, at about four months post-metamorphosis.  Generation time (egg-to-egg)
may be as short as 2.5 months.

8. A laboratory strain of Hermissenda is being established to provide animals
of known history for research on the neural correlates of behavior. Animals, at
least initially, are heing selected for fast growth rate.
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