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Abstract

The effect of adding algae to the culture water used to rear red drum larvae was evaluated in
terms of growth, survival and digestive enzyme activity. Red drum larvae were subjected to one of

Ž . Ž .the following dietary regimes from first feeding day 3 post-hatch to day 14: 1 zooplankton
Ž . Ž . Ž . Ž .supplemented with algae L-A , 2 zooplankton without algae L-NA , 3 a microparticulate diet

Ž . Ž . Ž .with algae M-A and 4 the microparticulate diet alone M-NA . The presence of algae in the
rearing tanks improved growth of red drum larvae for both types of feeds. Growth was

Ž . Ž .significantly higher P-0.05 in larvae reared in the presence of algae L-A and M-A than in
Ž .larvae raised in the corresponding treatments without algae L-NA and M-NA . Red drum larvae

Ž .raised on the microparticulate diet and algae M-A grew as well as the zooplankton treatment
Ž .with no algae L-NA , and were not significantly different from the L-A treatment. The larvae fed

Ž .the microparticulate diet in the absence of algae M-NA were significantly smaller than the other
three treatments. These results were consistent for two separate feeding trials. Final survival was
highly variable in all treatments; nevertheless, mean final survival values were 30% higher in

Ž .treatment L-A compared to L-NA 14.1 and 10.1%, respectively and 42% higher in M-A than for
Ž .M-NA 6.2 and 4.0%, respectively . Significantly higher trypsin and aminopeptidase activity was

observed in the presence of algae, which may have influenced the digestion of the diet. Our results
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demonstrate that red drum larvae may be raised on a microparticulate diet from first feeding
without the use of zooplankton. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

One of the limitations of larval fish nutrition studies is the dependence on live feeds
such as rotifers and Artemia, which cannot be manipulated as desired, in order to
determine nutritional requirements of the larvae. Nutrients present in zooplankton have

Žeither high ‘‘background’’ concentrations of the nutrients of interest i.e., ascorbic acid,
.Merchie et al., 1997 or their quantities and ratios cannot be modified to a desired level

as a result of the highly conservative nature of some nutrients, such as the polar lipid
Ž .classes Rainuzzo et al., 1994 . Thus, it would be ideal to produce a microparticulate

Ž .MP diet to replace the use of zooplankton. Unfortunately, despite considerable
advances, an adequate replacement for live feeds from first feeding has yet to be
developed.

Ingestion rates of MP diets are often lower than those of live food during the first
days of feeding, which may limit the availability of nutrients for proper growth and

Ž .development Lauff and Hoffer, 1984; Kolkovski et al., 1993 . Previous research at our
laboratory has shown that feeding red drum larvae a MP diet from first feeding does not

Ž .support adequate growth and survival Holt, 1993; Lazo et al., 2000 . From visual
Žobservations, we suspect poor ingestion rates i.e., the volume of gut contents appears to

.be smaller in larvae fed MP diets than those fed zooplankton . In addition, the MP diet
may be poorly digested and probably fails to meet the nutritional requirements of red
drum larvae.

Ž .The addition of algae to the rearing tanks of marine fish larvae green water culture
Žhas been shown to enhance growth and survival as well as the quality of the fry see

.review by Reitain et al., 1997 . One of the beneficial effects attributed to adding algae is
Ž .an increase in ingestion rates of food by marine fish larvae Naas et al., 1992 . In

addition, the presence of algae in rearing tanks of European sea bass larvae has been
Ž .shown to increase digestive enzyme secretion Cahu and Zambonino-Infante, 1998 , but

this was not evaluated with an MP diet as the sole feed at the onset of feeding, a more
crucial developmental stage.

The aim of this experiment was to evaluate the effects of adding algae to the rearing
tanks of red drum larvae fed only a microparticulate diet from the onset of first feeding
on growth, survival and activity of two digestive enzymes; trypsin and aminopeptidase.
The effects of algal additions were evaluated for red drum larvae raised on zooplankton
or a microparticulate diet from first feeding.

2. Materials and methods

2.1. Feeding trials

Two separate growth trials were performed to evaluate the effects of adding algae to
the rearing tanks. Larvae were raised utilizing a modified version of the rearing protocol
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Ž . Ž .described by Holt 1993 . Following initiation of exogenous feeding day 3 , four
replicate tanks were subjected to one of the following dietary regimes using a 2=2

Ž . Ž . Ž .factorial design: 1 zooplankton supplemented with algae L-A , 2 zooplankton
Ž . Ž . Ž . Ž .without algae L-NA , 3 microparticulate diet with algae M-A and 4 microparticu-
Ž .late diet alone M-NA .

Ž .Red drum Sciaenops ocellatus eggs were obtained from broodstock spawned in our
Ž .laboratory under controlled temperature and photoperiod Arnold, 1988 . Following

Ž .hatching day 1 , larvae were stocked to individual 150-l tanks at a density of 12 larvae
per liter. Photoperiod was set on a 12:12 h lightrdark cycle throughout the study.
Temperature was kept near 26"18C, dissolved oxygen above 6.0 mg ly1 and salinity
32"1 g ly1. Total ammonia-nitrogen and nitrite-nitrogen levels were monitored twice

Ž .weekly during the first trial using photometric methods Spotte, 1979 . In addition, pH
was measured twice per week.

Ž . ŽThe microparticulate diet MP used was a microbound diet Fry Feed Kyowa,
.Kyowa Hakko Kogyo, Tokyo, Japan . The proximate composition of the diet is

Žpresented in Table 1. The feeding protocol for the MP diet and live prey rotifers and
. Ž .Artemia was the same as previously described by Lazo et al. 2000 . The species of

algae added to the culture tanks was the marine species Isochrysis galbana. Concentra-
tions were maintained between 40,000 and 60,000 cells mly1 throughout the study.

2.1.1. Sampling and dissection
For growth and enzyme activity determinations, larvae were collected prior to

morning feeding on days 3, 4, 6, 8, 10, and 14. Following collection, larvae were
maintained in beakers without food for at least 1 h to allow any remaining food in the
gut to be assimilated or excreted. At least 24 larvae from each tank were subsequently

Ž .anesthetized with 0.1% tricaine methanesulfonate MS-222 and standard length mea-
Žsured with a stereomicroscope using a digitizing tablet and Sigma Scan software Ver.

.3.90, Jandel Scientific, CA . Digestive organs of 16 individual larvae per tank were

Table 1
Ž .aProximate composition of the microparticulate diet Kyowa Fry Feed

y1Ž .Nutrient Kyowa g kg dry weight

Moisture 53.0
Crude protein 511.0
Crude lipid 248.0
Fatty acids

bŽ .Ý ny3 HUFA 43.0
cŽ .Ý ny6 PUFA 12.0

dDHA:EPA 1.1
eEnergy 24.3

a Ž .From Brinkmeyer and Holt 1998 .
b Higly unsaturated fatty acids.
c Polyunsaturated fatty acids.
d Ž . Ž .Docosahexaeonic acid DHA, 22:6n-3 : eicosapentaeonic acid EPA, 20:5n-3 .
e Ž y1 .Gross energy J kg diet .
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Fig. 1. Final standard length of red drum larvae fed the various dietary regimes. Error bars represent pooled
Ž .standard error ns8 . L-A and L-NA represent larvae fed zooplankton with and without algae, respectively.

M-A and M-NA represent larvae fed microparticulate diet with and without algae, respectively.

Ž .dissected and removed except for day 3 larvae, due to their small size . A cut was made
at the boundary between the esophagus and the midgut and the whole intestinal segment
Ž .midgut and hindgut , including the diffuse pancreas embedded in its outer surface, was
removed and immediately frozen. Dissections were done under a dissecting microscope
on a glass slide maintained at 08C. Guts from eight larvae were pooled into one sample
for subsequent digestive enzyme activity measurements.

2.2. DigestiÕe enzyme assays

ŽFrozen guts were homogenized in ice-cold homogenization buffer 20 mM Tris–HCl,
. ŽpH 7.5 with a tissue grinder. Four replicates per treatment where one replicate

Table 2
Ž .Two-way analysis of variance of the effect of age days after hatching and algae on enzyme activity in red

drum larvae

P F

Age Algae Age=Algae

Total actiÕity
Trypsin 0.001 0.010 0.050
Aminopeptidase 0.001 0.001 0.001

Specific acitiÕity
Trypsin 0.050 0.442 0.872
Aminopeptidase 0.324 0.010 0.730
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.consisted of eight guts from one tank were assayed in duplicate for enzyme activity and
protein content. Trypsin-like enzyme activity was measured in centrifuged homogenates
Ž . Ž .30 min at 1700=g using BAPNA 10 mM in DMSO as substrate in 50 mM

Ž . Ž .Tris–HCl buffer 10 mM CaCl , pH 8.2 following the method of Erlanger et al. 1961 .2

One unit of enzyme activity was defined as 1 mmol of p-nitroaniline released per min,
using an extinction coefficient of 8800 My1 cmy1. Aminopeptidase activity was

Žestimated from uncentrifuged homogenates using L-leucine-p-nitroanilide, 1.2 mM in
. Ž .DMSO as substrate in 50 mM Tris–HCl buffer pH 8.0 following the method of Appel

Ž .1974 . One unit of enzyme activity was defined as 1 mmol of p-nitroaniline released
per minute, using an extinction coefficient of 10,500 My1 cmy1. Measurements of

Ž .soluble protein content in each separated fraction i.e., uncentrifuged and centrifuged
Ž .were completed using the bicinchoninic acid protein assay kit Sigma, Cat. No. BCA-1 .

Ž . Ž .Fig. 2. Relationship between a total trypsin activity and age, and b specific trypsin activity and age for the
Ž . Ž .treatments feed zooplankton with L-A and without algae L-NA . Error bars represent standard error of the

Ž .mean ns4 .
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2.3. Statistical analysis

Ž .Growth data were analyzed using a two-way analysis of variance ANOVA . The
Ž .Student–Newman–Keuls multiple-range test Steel and Torrie, 1980 was used to

determine significant differences among treatments. Enzyme activity data were analyzed
Žusing two-way analysis of variance using a random effects model Snedecor and

.Cochran, 1989 . All significance levels were set at P- 0.05. Statistical analyses were
Ž .performed using SAS System for Windows v. 6.11, SAS Institute, NC .

3. Results

Growth, determined as the standard length of red drum larvae at a given age, was
Ž .significantly higher in larvae reared in the presence of algae L-A and M-A than in

Ž . Ž .Fig. 3. Relationship between a total aminopeptidase activity and age, and b specific aminopeptidase activity
Ž . Ž .and age for the treatments feed zooplankton with L-A and without algae L-NA . Error bars represent

Ž .standard error of the mean ns4 .
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Ž .larvae raised in the corresponding treatments without algae L-NA and M-NA; Fig. 1 .
No significant differences in final standard length were observed between similar
treatments in both feeding trials, therefore the data were pooled for statistical analysis.
Two-way analysis of variance indicated that age and the presence or absence of algae
had a significant effect on growth, although the interaction was not significant. At the
end of the experiments, mean standard length of the larvae in the L-A treatment was
14% higher than larvae in the L-NA treatment. Similarly, larvae in the M-A treatment
exhibited 22% higher standard length compared to the larvae in the M-NA treatment
Ž .Fig. 1 . Survival was highly variable in all treatments, ranging from 4% to 14%. Mean

Žfinal survival values were 30% higher for treatment L-A compared to L-NA 14.1% and
. Ž10.1%, respectively and 42% higher in M-A than for M-NA 6.2% and 4.0%,

.respectively . However, survival was only significantly higher for the treatment M-A
compared to M-NA.

Ž . Ž .Fig. 4. Relationship between a total trypsin activity and age, and b specific trypsin activity and age for the
Ž . Ž .treatments feed microparticulate diet with M-A and without algae M-NA . Error bars represent standard

Ž .error of the mean ns4 .



( )J.P. Lazo et al.rAquaculture 188 2000 339–351346

In this study, we evaluated the effect of algal presence on digestive enzyme activity
of red drum fed zooplankton or a microparticulate diet. Two-way analysis of variance
indicated that age and algae had a significant effect on trypsin and aminopeptidase total

Ž .activity Table 2 . The presence of algae resulted in a significant increase in total
Žactivity per gut segmental activity as defined by Cahu and Zambonino-Infante, 1994;
.Peres et al., 1997 for trypsin and aminopeptidase. In terms of specific activity, age had

a significant effect on trypsin but not on aminopeptidase. On the other hand, algae had
an effect on the specific activity of aminopeptidase, but not on trypsin. Aminopeptidase
specific activity was significantly higher only for the L-A treatment on day 6.

For clarity of interpretation, the results will be presented with respect to each diet
type. Comparison of gut specific activities for larvae fed zooplankton indicated that the

Ž .presence of algae resulted in an average mean of the five sampling dates increase in

Ž . Ž .Fig. 5. Relationship between a total aminopeptidase activity and age, and b specific aminopeptidase activity
Ž . Ž .and age for the treatments feed microparticulate diet with M-A and without algae M-NA . Error bars

Ž .represent standard error of the mean ns4 .
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Ž . Ž .specific activity of 27% and 46% for trypsin Fig. 2 and aminopeptidase Fig. 3 ,
respectively. Similarly, larvae raised on the MP diet exhibited an average increase in the

Ž .specific activities of larvae raised with algae of 11% and 34% for trypsin Fig. 4 and
Ž .aminopeptidase Fig. 5 , respectively.

Means"standard deviation of ammonia-nitrogen and nitrite-nitrogen were 0.075"

0.040 and 0.045"0.065 mg ly1, respectively, for the live treatments and 0.337"

0.097and 0.180"0.288 mg ly1, respectively, for the tanks receiving microparticulate
diet. The pH was 7.90"0.10 for the live treatments and 7.80"0.09 for the micropar-
ticulate treatments. These values are within the acceptable range for rearing red drum

Ž .larvae Holt et al., 1990 . No effect of algae on water quality parameters was observed
between diet types.

4. Discussion

The presence of algae in the rearing tanks improved growth of red drum larvae for
both types of foods. To our knowledge, this is the first report of adequate growth
exhibited by a marine fish species raised on practical microparticulate diet from first
feeding without the use of zooplankton. Previously, red drum larvae have been gradually

Ž .weaned onto a microparticulate diet at a very precocious stage by day 8 post hatch
Žwhile maintaining similar growth and survival to larvae raised on zooplankton Holt,

.1993 . Previous studies in our laboratory have shown that red drum fed solely on the
Ž .microparticulate diet die by day 14 Lazo et al., 2000 . In this study, growth of red drum

larvae raised on the microparticulate diet and algae was not significantly different from
Ž .the zooplankton treatments Fig. 1 . The larvae fed the microparticulate diet in the

absence of algae were significantly smaller than the other three treatments. The growth
observed in the L-A treatment was comparable to the growth routinely obtained with red

Ž .drum larvae fed zooplankton at our laboratory Holt, 1993 . Furthermore, although
survival was relatively low in all treatments, the addition of algae improved survival for
both diet types.

Our results, which were consistent for two separate feeding trials, suggest that red
drum may be raised successfully to the juvenile stage by supplementing the micropartic-
ulate diet with algae in the rearing tanks. In ongoing research studies, red drum larvae
fed the M-A treatment were raised successfully past metamorphosis to the juvenile stage
Ž .i.e., )day 24 , whereas the M-NA group died around day 14.

Differences in the specific activity of the enzymes measured in all treatments were
only significant for aminopeptidase, and only the L-A treatment was significantly
different. The digestive enzyme data presented here supports previous findings in our
laboratory in which we found that the inability to successfully rear red drum larvae

Žwithout live food could not be attributed to a poorly developed digestive system i.e.,
. Ž .enzymatic equipment or the need for exogenous enzymes Lazo et al., 2000 . We

showed that the specific activity of trypsin, lipase and amylase were not significantly
affected by feeding the larvae with zooplankton or the same microparticulate diet used
in this study. In the present study larvae in the M-A treatment had similar enzyme
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activities for trypsin and aminopeptidase as larvae in the L-NA treatment, corroborating
our previous conclusions that red drum larvae can produce similar enzyme levels
whether fed a microparticulate diet or zooplankton.

Since the diffuse pancreas cannot be separated from the intestine in red drum larvae
Ž . ŽLazo, 1999 , enzyme activities represent total enzyme production by the larvae pan-

.creasq intestine . Hence, even though red drum larvae may produce adequate amounts
of digestive enzymes, it is possible that the microparticulate diet alone fails to stimulate
secretion of the enzymes from the pancreas and that the presence of algae stimulates
enzyme secretion and enhanced digestion.

Many compounds present in phytoplankton could potentially influence digestive
enzyme activity in fish larvae. Polyamides, algae growth regulators, have been shown to
stimulate cholecystokinin release in rats, which mediates the release of pancreatic

Ž .enzymes Fioramonti et al., 1994 . Most formulated diets for marine fish larvae contain
Žlarge amounts of fish meal, which is low in the polyamide spermine Bardocz et al.,

.1993 . The addition of spermine to the diets of European sea bass larvae has been shown
Žto affect pancreatic enzyme secretion and to induce earlier intestinal maturation Peres et

.al., 1997 . In addition, amino acids may increase secretion of certain hormones, such as
Žsomatostatin and bombasin, which stimulate the secretion of pancreatic enzymes Chey,

. Ž .1993; Kolkovski et al., 1997 . Cahu and Zambonino-Infante 1995a observed increased
trypsin secretion in European sea bass larvae fed a mixture of free amino acids in their
diets.

Based on our growth results, we can assume that the assimilation of the microparticu-
late diet was significantly improved by the addition of algae. A significant increase in
trypsin and aminopeptidase activity was observed, which would help in digestion of the
diet if the enzymes were secreted. Increased trypsin and aminopeptidase activity have

Žbeen suggested to improve growth or survival Pedersen, 1993; Cahu and Zambonino-
.Infante, 1995a,b . An increase in specific activity of aminopeptidase, a brush border

membrane enzyme, has been previously related to maturation of the intestinal membrane
Ž .and enhanced survival in fish Cahu and Zambonino-Infante, 1995b .

A direct cause and effect relationship cannot be elucidated from this study. Further
and more detailed research is required to identify the mechanism through which algae
stimulated the production andror secretion of digestive enzymes, in addition to increas-
ing growth and survival of red drum larvae. Nonetheless, in the hope of stimulating
further research, several falsifiable conjectures that could further help explain the
observed results are presented.

1. The presence of algae in the rearing tanks stimulated feeding behavior in red drum
larvae. Many compounds, such as betaine, inosine 5-monophosphate and amino acids

Žhave been shown to stimulate feeding in fish Metailler et al., 1983; Mearns, 1986;
.Knutsen, 1992; Kolkovski et al., 1997 and are natural constituents of phytoplankton or

Ž .zooplankton Dabrowski and Ruseick, 1983 . Compounds such as betaine and particu-
Ž . Ž .larly dimethylsulfoniopropionate DMSP can be released into solution )66% as a

Ž .result of zooplankton grazing Christaki et al., 1996 or cell lysis due to algal death
Ž .caused by bacteria or viruses Mitsutani, 1997; Gillian et al., 1998 . It is of particular

interest to note that DMSP is a naturally occurring analog to betaine, which many
Ž .marine phytoplankton utilize as an osmolyte Kiene et al., 1998 . Since betaine is
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considered to be one of the most effective feeding stimulants, DMSP might act as an
agonist to betaine in the chemical stimulation of feeding behavior in fish.

Ž .2. The algae provided a direct supply of nutrients. According to Moffat 1981 , it is
possible that algae may provide nutrients directly to the larvae. During early develop-
ment, free amino acids play an important role in energy production and protein synthesis
Ž . ŽFyhn, 1993 and are contained in large amounts in algae Hammer et al., 1981; Admiral

.et al., 1986 . We have recently compared our M-A treatment using two different species
Žof algae, Isochrysis vs. Nannochloris, that display different nutrient profiles higher

.DHA content in Isochrysis; Volkman et al., 1989 . We observed significantly higher
growth and survival of larvae in the presence of Isochrysis. It is interesting to note that
although larvae fed Nannochloris were smaller they still exhibited significantly higher
growth and survival than red drum raised without algae. In addition to the nutritional
effects of algae, the presence of algae may have affected larval gut andror tank

Ž .microflora Gatesoupe, 1991; Skjermo and Vadstein, 1993; Oivind et al., 1994 or may
Ž .have influenced the light regime of the tanks Naas et al., 1992, 1996 .

In summary, the presence of algae in tanks resulted in increased growth, survival and
enzyme activity for both types of feeds. In addition, the growth of larvae fed the MP in
the presence of algae was not significantly different from those fed zooplankton. Results
demonstrated that red drum larvae may be raised on MP from first feeding without the
use of rotifers or other zooplankton. The results obtained from the present study warrant
a shift from the current paradigm, which proposes a lack of digestive enzymes during
early development as an explanation for the inability to satisfactorily raise marine fish
larvae on artificial diets. More recently, evidence is accumulating to support the idea of
developing diets that properly induce secretion of digestive enzymes and present
nutrients in a digestible form to successfully produce marine fish larvae under culture
conditions
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