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Abstract

The use of different green seaweeds (Ulva pertusa Kjellman, Ulva fasciata Delile, and
Enteromorpha intestinalis Link) for the culture of sea hare Aplysia juliana from immaturity to adult
stage was examined during a period of 130 days under laboratory conditions. Specimens at the
start of the experiment ranged in size from 0.07 to 0.08 g wet weight. All the seaweeds tested
were suitable foods for the sea hare and promoted growth rates: for E. iutestinalis, 0.14 g/day; for
U. fasciata, 0.12 g/day; and for U. pertusa, 0.10 g/day. Spawning activity was first detected on
the 15th, 18th and 29th days of culture when Aplysia were fed E. intestinalis, U. fasciata and U.
pertusa, respectively. Total egg production was higher using E. intestinalis (25.1 g in dry weight
per animal) when compared to Ulva (20.8 g for U. fasciata and 10.8 g for U. pertusa). A positive
correlation was found between temperature and egg production after the first 10 days of
egg-laying. Food consumption of Ulva by Aplysia was significantly (p < 0.01) higher than that of
Enteromorpha. Consumption rate of U. pertusa by Aplysia was 22.4 % of its mean body weight per day,
whereas it was 14.6 % for U. fasciata and 8.5 % for E. intestinalis. The following conclusions were
obtained from the results: 1. food consumption followed the order U. pertusa > U. fasciata > E.
inlestinalis; 2. the gross assimilation efficiency values of A. juliana for each algal diet including the total
weight of eggs produced in the measure of total growth were 31.8 % for Enteromorpha, 18.9 % for U.
fasciata and 10.1 % for U. pertusa; 3. A. juliana has potential to control the plagues of macro algae such

as Ulva and Enteromorpha, usually present in semi-intensive or extensive aquaculture facilities.

and antineoplastic activities® .

Introduction

)

The Effect of Different Macrophytic Algae on Growth, Egg Production,

The marine gastropod mollusc Aplysia has been used
extensively in neurophysiological studies, and for in-
vestigating the neural basis of behaviour?. The che-
mical substances in the digestive glands, whole animal
body and eggs are of great economical interest, with

considerable pharmacological effects like antibacterial

Aplysia juliana is a cosmopolitan species and has the
greatest distributional range among the sea hares. The
present paper describes the laboratory culture of A.
juliana found in Kagoshima bay, Southern Japan, from
reproductively immature individuals to the adult stage
fed on seaweeds such as Enteromorpha intestinalis, Ulva

fasciata and Ulva pertusa. The study reveals the con-
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siderable growth characteristics and egg production
potential of Aplysia, as well as the remarkable ability
of the animal to consume large quantities of seaweeds.

Macro algae such as Ulva, used in fish and shrimp
culture systems as biofilter to remove nutrientsd's), if
uncontrolled can become a menace, reducing dramati-
cally the growth of aquatic animals. Dead rotten Ulva
sp. led to heavy pollution of pond substrate, by in-
creasing the volume of sludge and reducing shrimp
growth due to stress and the negative oxidation-
reduction potential of the pond bottom”. Kuruma
shrimp farmers facing the problem of over-growth of a
macro algae have to spend a lot of time removing it
from the ponds, the operation thereby becoming costly.
Juvenile shrimps may be trapped between thalli and
food can be lost inside the algal mass. Algae accumu-
lating over the sand substrate also disturbs the natu-
ral behaviour of shrimp by reducing the area for bur-
rowing and stressing the culture organisms (M.F.
Vazquez, personal communication, 1995). Very few
studies have been conducted on the control of mac-
rophyte in sea water aquaculture. Some workers,
however, have suggested that the browsing nature of
gastropod abalone would be effective in bio-control of
algae in polyculture systemss'g).

Through the present experiment we suggest that sea
hares could be introduced into polyculture systems to
control unwanted algal growth, considering their abil-
ity to consume large quantities of macrophytic algae;
not only contributing to the homeostasis of the
aquaculture systems, but also producing useful by-

products for the pharmaceutical industry.
Materials and Methods

Juveniles of Aplysia juliana Quoy and Gaimard, were
collected from the intertidal channel close to the
Kamoike Marine Experimental Station of Kagoshima
University, Kagoshima Prefecture. Collections were
made during October 1994. The animals were found in
the habitats convered by the green macrophytic alge
Ulva fasciata Delile.

Stock of the U. fasciata was collected from the same
biotop where A. juliana was found. The other seaweeds
used in the study were Enteromorpha intestinalis Link,

and Ulva pertusa Kjellman. These were collected inter-

tidally, from different biotopes where the animals were
found, namely Kamoike region for Enieromorpha and
Kokubu Beach for U. pertusa. Collections were made
once a week, and the stock was renewed at that time.
Algae were maintained outdoors, under the varying
natural light and temperature conditions in five (5)
100-liter circular Plexiglas tanks, filled with natural
seawater. The algae were grown unattached and kept
suspended in the water column by air diffusers located
at the bottom of each tank.

All observations on growth, egg production and food
consumption were made at ambient seawater tempera-
ture (range 13-26 C), in the laboratory for a period
of 130 days. This range of temperature, reflects the
natural conditions for A. juliana depending on the sea-
son. Animals were starved for three days prior to the
determination of the initial weights and selection of the
experimental animals. Small specimens of Aplysia in
the size range from 0.07 to 0.08 g wet weight were
divided into 9 groups of 5 individuals each and were
transferred into nine (9) 45 liter glass-walled aquaria.
Moreover, they were divided into three dietary groups.
The aquaria were placed away from direct sunlight,
under varying natural light conditions. The sea water
in the aquaria was replaced every day by fresh seawa-
ter, filtered through a 20 um mesh and the salinity
ranged from 35-36 ppt. Dissolved oxygen was main-
tained close to air-saturation level through aeration.

Every 10 days the animals were weighed, after
drying them on a paper towel for a few seconds. The
body length was also measured at full extension, by
allowing the animals to crawl and extend forwards in-
side a transparent cylindrical plastic tube. The tube
diameter was adjusted to fit the size of the animal.
Eggs were collected daily from holding aquaria,
drained of excess water and weighed. A known amount
of algae was presented twice a day in each aquarium
and the sea hares were allowed to feed until satiation.
Thalli of the algae were offered as food and uneaten
remnants were washed with tap water and weighed af-
ter centrifugation for 3 minutes in a modified washing
machine to remove excess water. The wet weight
values for growth, egg production, and food consumed
were converted to their dry weight equivalents by ap-

plying appropriate correction factors obtained by
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drying known amounts to constant weight at 110 C.

In the present study, the effect of diet on growth
was expressed as gross assimilation efficiency, which
is the ratio of the amount of assimilation or growth

(dry wt) to the amount of food ingested (dry wt).
Results

The growth of A. juliana, measured as dry body
weight increase, when fed on the three seaweed diets
is shown in Fig. 1. The growth data, including dry
weights of food consumed and eggs produced by Aply-
sia fed the different alga are given in Table 1. The
best growth rate was obtained on a diet of Enteromor-
pha (0.14 g/animal/day), closely matched by that on
diets of U. fasciata (0.12 g/animal/day), and U. pertu-
sa (0.10 g/animal/day). When the total dry weight of
eggs produced was included in the measure of total
growth, the growth rates were found to be 0.34 g/
animal/day for Enteromorpha, 0.28 g/animal/day for
U. fasciata, and 0.18 g/animal/day for U. periusa. Simi-
larly, when growth rate was expressed in terms of

body length, it was highest for the Euteromorpha diet

pertusa (0.12 cm/animal/day).

The trend for food consumption of the three groups
was inverse to that of the growth rates (Table 1).
Feeding rates for each diet, on a dry weight basis,

were found to be 1.77 g/animal/day for U. periusa,
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Fig. 1. Increase in dry weight of Aplysia juliana, fed
on selected algal diets for 130 days in laboratory
conditions. Each point represents the mean of 15

group (0.15 cm/znimal/day) and slightly lower for animals. The arrows A, B, C in horizontal axis
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the diets of U. fasciata (0.14 cm/animal/day) and U. represents the chronic recordings of the first egg

laying activity in each algal diet.

Table 1. Results of the culture experiment of Aplysia juliana fed on Enieromorpha intestinalis, Ulva fasciata and U.
pertusa diets in laboratory conditions at temperature regime (13-26 C). The data is expressed per individual
as mean * S.D.

Seaweed Diets E. intestinalis U. fasciata U. pertusa
Experimental period (days) 130 130 130
Body weight gain (dry, g) 18.5 £ 1.1° 15.6 + 1.3° 12.4 £ 1.1°
Including egg production® 43.7 + 1.8% 36.4 £ 3.4° 23.2 + 1.9°¢
Growth rate of body weight (dry, g/day) 0.14+ 0.01° 0.12+ 0.01° 0.10% 0.01°¢
Including egg production 0.34% 0.017 0.28+ 0.03° 0.18+ 0.02°
Initial body length (cm) 0.92+ 0.03 0.92% 0.04 0.91£ 0.03
Final body length (cm) 20.3 + 0.7° 18.8 + 0.7° 17.1 £ 0.7°¢
Growth rate of body length (cm/day) 0.15+ 0.01% 0.14% 0.01° 0.12+ 0.01°
Total food consumption (dry weight, g) 138.9 #+15.0* 192.1 £17.5° 230.6 £ 9.5¢
Feeding rate (dry weight, g/day) 1.07+ 0.12° 1.48%+ 0.13° 1.774 0.07°
(%) of mean body weight eaten/day 8.5 + 0.7 14.6 + 1.0° 22.4 + 0.5°¢
Gross assimilation efficiency (%) 13.4 £+ 1.2° 8.2 + 0.6°° 5.4 £ 0.1°
Including egg productionl 31.6 + 2.2° 18.9 + 0.7° 10.1 £ 0.4€
Total egg production (dry weight, g) 25.1 * 1.4° 20.8 + 3.3%P 10.8 £+ 1.5°

2:B¢ Treatments with the same superscript are not significantly different at p < 0.01.
! The dry weight of eggs produced, included as part of total growth.
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1.48 g/animal/day for U. fasciata and 1.07 g/
animal/day for Enteromorpha. The consumption of U.
pertusa by Aplysia, when expressed as percentage of
mean body weight eaten per day, was 22.4, 14.6 for U.
fasciata and 8.5 for Enteromorpha.

The gross assimilation efficiency values of A. juliana
for each algal diet, calculated on a dry weight basis,
are presented in Table 1. The highest value associated
with the diet giving the best growth was obtained for
Enteromorpha (13.4 %). The corresponding figures for
U. fasciata was 8.2 % and 5.4 % for U. pertusa. When
the total dry weight of eggs produced was included in
the measure of total growth, the growth efficiency was
found to be 31.6 % for Enteromorpha, 18.9 % for U.
fasciata, and 10.1 % for U. pertusa.

The occurrence of the first egg laying activity of A.
juliana fed on three seaweed diets during the 130-day
culture period, is shown in Fig. 1. The first batch of
eggs came on the 15th day for animals fed on Entero-
morpha, 18th day for animals fed on U. fasciata and
29th day for animals fed on U. pertusa. The total
amount of eggs produced by the different groups of A.
Juliana (dry weight, g/animal), is given in Table L.
Specifically Aplysia fed on Enteromorpha and U. fasciata
were found to be more productive (25.1 g and 20.8 g
dry weight/animal, respectively) than animals on the
diet of U. pertusa (10.8 g dry weight/animal ).

There was a strong positive correlation between the
temperature and egg production after a 10 day period
of the first egg laying activity of Aplysia in each of the
treatments (Fig. 2). The coefficient of correlation for
Aplysia fed U. pertusa and U. fasciata was (R >0.928;
p < 0.01) and (R > 0.875; p < 0.01) respectively
and for those fed Enteromorpha the value was (R >
0.819; p < 0.01). However, no significant correlation
was obtained for these factors in none of the treat-
ments during the first 10~day period of the egg laying

activity.
Discussion

There was a significant difference in results be-
tween the three types of algae used as food for the
Aplysia juliana. The biological performance of the
animals based on growth and egg production, indicates

that Enteromorpha intestinalis has a dietary superiority
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Fig. 2. Regression curves obtained between egg pro-
duction and temperature in Aplysia juliana fed
on Euleromorpha intestinalis (A), Ulva fasciate
(B) and Ulva pertusa (C) diets. Only data after
10 days from the beginning of spawning were
used in the analysis (white symbols). Dark sym-
bols represent the first 10 days of spawning that
didn't fit the curves and were not used for the
regression, (look the text for correlation
coefficients).
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over U. fasciata and U. pertusa.
The pattern of growth, a continuous increase in
average animal weight for the three diet groups, was

19 25 found for other spe-

an asymptotic sigmoid curve
cies. The growth observed was approximated by ex-
ponential functions in the beginning of the experiment,
followed by linear and asymptotic functions.

The superior effect of the Enteromorpha diet on the
growth of sea hares has also been documented in stu-
dies on adult Aplysia dactylomela (Palatzidis et al.,
unpubl.)“). In contrast, laboratory-grown Aplysia
juliana fed with Ulva fasciata had a better growth rate,
when compared to the Enteromorpha sp,m . It has been
noted that different populations had their own distinct
preferences, which varied depending on the seaweeds
present in a given area'?. Moreover, the feeding be-
haviour and inductive growth parameters were
affected by their past dietary history, associated with
season and age, especially in the stereotyped behaviour
of mature individuals.

The Ulva also support good growth and are general-
ly preferred by A. juliana in the field“‘ls'“), but cur-
rent observation on growth rates of the animals fed U.
fasciata and U. pertusa were 14 % and 29 % lower re-
spectively, when compared to the Enteromorpha diet. A
slightly different picture emerged when we included
the weight of eggs produced in the measure of total
growth. The differences between growth rates in-
creased according to egg production but the same
hierarchy remained.

While the Enteromorpha promoted a better biological
performance of the gastropoda, U. perfusa consumption
(dry and wet weight basis) was significantly higher.
The same trend is seen when we compare U. fasciata
and U. pertusa. The food consumption by Aplysia has
been studied by various authors and appears to be re-
lated to internal or external factors like bulk prop-

erties of the food'™ 16-18)

, phagostimulants and repro-
ductive behaviour'®. Certain studies on the phagosti-
mulatory function of methanol extracts from different
seaweeds for A. juliana proved U. pertusa to be the
most active'®. This may explain why the U. pertusa
consumption was high in our study. Moreover, the in-
crease in egg production when Aplysia was fed on En-

teromorpha and U. fasciata was 132 % and 93 % higher

when compared to that of the U pertusa. It is also
known that bag cell hormone produced during egg
laying inhibits feeding in Aplysialg). Perhaps the anim-
als in this study fed with Enteromorpha and U. fasciata
algae had less opportunity to feed compared to those
fed U. pertusa. Since food quality and absorption from
diets are reflected in growth parameters and produc-

11,200 The restricted growth

tivity of the sea hares
obtained with Ulva in this laboratory experiment may
indicate its inferior quality for Aplysia. Of the different
Ulva diets tested here and in previous studies, U. fas-
ciata proved to be the better food for A. julianam). The
consumption of U. fasciata by Aplysia was 14.6 % of
mean body weight eaten per day; 8.5 % for Enteromor-
pha and the corresponding figures being 22.4 % for U.
pertusa. The highest growth efficiency (32 %) was
attained on a diet of Euteromorpha, the alga that gave
the best growth. Values of growth efficiency for other
seaweed diets decreased in relation to their growth
supporting value to Aplysia, from 19 % for the U. fas-
ciata to 10 % for the U. pertusa.

The reproductive potential of A. juliana is utilized
from an early age and recruitment occurs throughout
the yearzn. Among the several factors affecting repro-

duction of Aplysiazz"z‘”

, availability of food has a signi-
ficant influence in the process. The occurrence of the
first spawning in Aplysia differed among the different
diet groups in our experiment, suggesting that algal
quality can be an important determinant of the life cy-
cle. The chronological order of the first spawning cor-
responded with the descending order for growth in the
present study. The animals started to spawn earlier in
the case of Enteromorpha diet, and later in the U. fas-
ciata and U. pertusa diets. Egg production was positive-
ly correlated with temperature, when the data after the
initial 10 days of the first egg laying activity was ev-
aluated. This correlation is in agreement with other re-
ports where the temperature effects on the oogenesis of
some Aplysia speciesaz) has been described, linking it
to increased activity of the neuroendocrine bag cell
which releases the egg laying hormone (ELH)%2®.
The absence of such a relationship during the initial
10 days, may be due to some inexplicable physiological
process in the recently matured animals.

The results demonstrate the potential value of Aply-
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sia as a biological control agent for macrophyte algae
blooms which cause serious problems in commercial
aquaculture ponds. Their rapid growth, high egg pro-
duction, and voluminous food consumption make them
ideal for introduction in aquaculture systems plagued
with algae. These qualities, as well as the expanding
market for Aplysia in the medical and pharmaceutical
industries, will be an economical incentive for their
use in polyculture systems.

This research is part of a study on possible applica-
tions of sea hares for biological control of macrophytic
algae in aquaculture. These results have to be tried

out in field conditions.
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