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Abstract

Ten species of microalgae were tested for ingestion and digestion in Pteria sterna larvae using

epifluorescence microscopy to choose an appropriate diet. An experiment was conducted using 2, 4,

5 (straight-hinge) 10 and 22 (umbo stage) day old larvae. Larvae were stocked in 150 ml flasks at 30

ml� 1 and fed 100,000 algal cells ml� 1 of each species individually. Larvae were fed for 1 h and then

were observed under the microscope to detect ingestion; larvae were then sieved and placed in flasks

containing filtered seawater and were observed after 1 and 2 h to analyse digestion for the microalgae

ingested. Out of the 10 species administered, only Nannochloris sp., Pavlova lutheri and Isochrysis

aff. galbana (T-ISO) were ingested, and only the last two species were digested. No ingestion of

Phaeodactylum tricornutum, Chaetoceros muelleri, Ch. calcitrans, Thalassiosira weisflogii,

Dunaliella salina, Tetraselmis tetrathele and T. suecica was evident at any stage of larval

development tested. Only T-ISO and P. lutheri should be used for larval rearing of P. sterna until

other species are identified as suitable (ingested and digested) for this species.
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1. Introduction

The pearl fishing effort from the 16th century up to the early 1900s that gave to the Baja

California Peninsula and the ‘‘Sea of Cortez’’ its world-recognised fame as producers of

pearls of excellent quality and beauty, also diminished the number of pearl oysters

throughout the Mexican Pacific coast. Today both pearl oyster species, Pteria sterna

(Gould) and Pinctada mazatlanica (Hanley), are enlisted as ‘species under special

protection’ by the Mexican government.

Large variations in pearl oyster spat recruitment and the scarcity of wild stocks in the state

of Baja California Sur limit the opportunity to develop a cultured pearl industry based only

on wild spat collection (Martı́nez-Fernández et al., 2003). Hatchery-produced spat can

support further development of the pearl industry in places with low spatfall in Mexico;

however, it is necessary to improve current technologies to achieve the best yield from

hatchery spat production and the nutritional aspects of larvae are of the utmost importance.

There have been some advances on pearl oyster larval nutrition in areas such as feeding

protocols (Doroudi and Southgate, 2000; Doroudi et al., 1999) and microalgae replace-

ments (Southgate et al., 1998), but much work is still needed to understand better the

nutritional requirements of pearl oyster larvae. Not all microalgae species can be ingested

or digested by small veliger larvae.

Cell size, digestibility and biochemical composition are factors determining the

nutritive quality of the microalgae and their utility as food for bivalves, of these,

digestibility can be one of the main factors determining larval growth and survival (Owen,

1974; Ewart and Epifanio, 1981; Albentosa et al., 1993). Results obtained during larval

rearing of different bivalve species using some microalgal species may not be related to

biochemical composition of the algae but to the inability of the larvae to ingest or digest

such microalgae species.

Epifluorescence microscopy is effective in detecting the processes of ingestion and

digestion of microalgae by bivalve larvae (Lucas and Rangel, 1983; Rangel-Davalos,

1984). Studies have shown that not all microalgae species are readily ingested and/or

digested by bivalve larvae (Babinchak and Ukeles, 1979; Le Pennec and Rangel-Davalos,

1985; Lora-Vilchis and Maeda-Martı́nez, 1997); the fact that particular microalgae species

are ingested does not necessarily mean they are digested. For example, out of 10 species of

microalgae fed to Argopecten ventricosus-circularis (Sowerby II, 1842) larvae only 7

species were ingested and from those only 5 were digested (Lora-Vilchis and Maeda-

Martı́nez, 1997).

Many microalgae species have been tried on pearl oyster larvae, however it is not

known if they are either ingested or digested. The aim of this study was to identify which

species of microalgae can be ingested and digested by the pearl oyster P. sterna larvae of

different ages in order to design a larval feeding protocol.
2. Materials and methods

P. sterna broodstock used in this study were hatchery produced in 1997 and were

maintained on a bottom culture system at El Merito, La Paz Bay, Baja California Sur,
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Mexico. Oysters were transferred in February 2000 to the laboratory where they were

cleaned prior to spawning. Spawning induction and larval rearing were conducted in

winter using techniques described by Martı́nez-Fernández et al. (2003). This experiment

was carried out in the UABCS’s Aquaculture Experimental Laboratory of Pichilingue

(LEAP) using a direct method (epifluorescence microscopy) to observe ingestion and

digestion of microalgae species by P. sterna larvae. Larvae were fed a 1:1 mixture (by

cell number) of Isochrysis aff. galbana (T-ISO) and Pavlova lutheri (PAV) at 10,000

cells ml� 1 from day 2 up to day 18 and 15,000 cells ml� 1 from day 20 until settlement

(day 38).

2.1. Microalgae cultures

Microalgae (T-ISO and PAV) used to maintain the whole batch of larvae were

produced in a semicontinuous (Fogg, 1995; Brown et al., 1993) system (immediately

after harvesting, the culture volume was restored with new FSW and culture medium)

in 100-l fiberglass tanks using Guillard F/2 medium, replacing cultures every 7 days.

Microalgae used for the trials of ingestion and digestion were cultured in 500-ml

Erlenmeyer flasks using Guillard F/2 medium. Microalgae were harvested during the

exponential growth phase. Photoperiod was 24:0 (light/dark) and illumination was

provided by 20-W cool white lamps irradiating 80 Amol m� 2 s� 1. The algal species

are shown in Table 1.
Table 1

Microalgae species used to feed Pteria sterna larvae

Group (Division) Class1 Species2 Size

(Am)

Code Characteristics3

Diatoms

(Bacillariophyta)

Bac Phaeodactylum tricornutuma

(Bohlin)

25� 5 PHA Elongated cells, large spines

Cos Chaetoceros calcitransb

(Paulsen) Takano

4–5 CHC Rigid cell wall, large spines

Ch. muellerib (Lemmermann) 5� 5 CHM

Thalassiosira weisflogiia

(Grun.) F&H

11� 4 THA

Green algae Chl Dunaliella salinaa (Teodoresco) 8–10 DUN Motile large cells, two flagella

(Chlorophyta) Nannochloris sp.c 2–3 NAN Very small. Fibrous

glycoprotein cell wall

Pra Tetraselmis tetratheled

(G.S. West)

8� 16 TET Motile large cells, four flagella.

Cell wall covered of organic

T. suecicad (Kylin) 12–15 TES scales

Flagellates

(Haptophyta)

Pry Isochrysis aff. galbanad

(Green)

6–8 T-ISO Two flagella, round–oval

shaped. Cell wall covered of

Pavlova lutherid (Droop) 5 PAV polysaccharide scales

1Bac, Bacillariophyceae; Cos, Coscinodiscophyceae; Chl, Chlorophyceae; Pra, Prasinophyceae; Pry, Prymnesio-

phyceae.
2aUnknown origin; bCICESE; cCICIMAR; dCIBNOR.
3Borowitzka and Borowitzka (1988); Van den Hoek et al. (1995).



Table 2

Ingestion and digestion stages used in this study

Stage Fluorescence Characteristics

(I) Ingestion Red Whole algal cells well defined in the stomach

(II) Digestion Tones of Pink,

Orange or Yellow

Whole and lysed algal cells mixed in the stomach

or no whole cells present (lysed algae only)

(III) Empty No fluorescence Empty stomach: larvae were not fed or had finished digestion

Modified from Le Pennec and Rangel-Davalos (1985).
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2.2. Ingestion and digestion trials

The experiment was conducted on days 2, 4, 5 (straight-hinge larvae), 10 and 22 (umbo

stage larvae) after fertilisation. With exception of day 2 when no food had been previously

administered, larvae were left unfed for 24 h prior to the experiment to assure the digestive

gland was empty before testing ingestion and digestion. Larvae were stocked at 20 ml� 1

in duplicate 150 ml flasks containing 100,000 algal cells ml� 1. Each microalgal species

was administered individually. Larvae were allowed to feed for 1 h and were observed

under a Nikon OPTIPHOT-2 epifluorescence microscope following Le Pennec and

Rangel-Davalos (1985) to detect ingestion, then, they were sieved through a 47-Am mesh

sieve, washed with FSWand placed in flasks containing new FSW to evaluate digestion. A

group of unfed larvae was used as a control.

Samples of at least 30 larvae from each flask were observed in the epifluorescence

microscope 1 and 2 hours after washing to identify digestion for the microalgae species

ingested only. To determine the stages of ingestion and digestion, a modification of the

scale proposed by Le Pennec and Rangel-Davalos (1985) was used; stages and character-

istics are explained in Table 2. For practical reasons, differentiation of early and late

digestion was not measured as inaccuracies reading the different colours (tones of pink,

orange or yellow) with the naked eye can lead to confusion. Ingestion was defined as the

stage when the larvae showed well-defined fluorescence inside the digestive gland, in this

stage whole microalgae cells can be observed fluorescing individually. Digestion was

defined as the stage when microalgal cells are not evident but fluorescence is still observed

as a spot filling up the digestive gland.
3. Results

Larvae ingested only three species of microalgae: NAN, PAV and T-ISO (Table 3).

Larvae ingested Nannochloris sp. (NAN), but were unable to digest it. For days 2 and 4,

after 8 h from ingestion, no broken cells were observed. For days 5, 10 and 22, once the

fed larvae were placed in filtered seawater, some cells were presumably expelled as the

number of cells in the digestive gland was reduced without any evidence of digestion after

24 h.

Larvae ingested and digested PAV better than T-ISO in quantity and time. For all ages

tested, larvae-fed PAV reached stage III within the 2-h period after washing; by this time,



Table 3

Stages of ingestion and digestion of Nannochloris sp. (NAN), Pavlova lutheri (PAV) and Isochrysis aff. galbana

(T-ISO), after 1 and 2 h of placing Pteria sterna larvae in filtered seawater

Larval age

(days)

2 4 5 10 22

Time (h) 1 2 1 2 1 2 1 2 1 2

NAN I I I I I I I I I I

PAV I III II III II III II III II III

T-ISO Not

ingested

II II II II II II II II

(I) Ingestion. (II) Digestion. (III) Empty stomach.
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larvae-fed T-ISO showed some remaining fluorescence indicating digestion was still in

progress, with the exception of 2-day-old larvae, where no ingestion of this species took

place. The ingestion and digestion pattern was the same for all larval ages tested.
4. Discussion

Out of the 10 species of microalgae tested, only 2 species were digested. The remaining

8 species are thus unsuitable for feeding P. sterna larvae younger than 22 days, therefore

they must be avoided during this period to avoid creating water quality problems when

these species are not being consumed by the larvae.

Nannochloris species are readily ingested probably because of their small size (f 2–3

Am), however they are not easy to digest. In agreement with our results, A. ventricosus-

circularis larvae ingested Nannochloris oculata cells, however no digestion was noticed

(Lora-Vilchis and Maeda-Martı́nez, 1997).

We obtained similar results for ingestion and digestion of Isochrysis and Pavlova

species to those observed for other bivalve species such as Crassostrea virginica

(Babinchak and Ukeles, 1979), Pecten maximus (Le Pennec and Rangel-Davalos, 1985)

and A. ventricosus-circularis (Lora-Vilchis and Maeda-Martı́nez, 1997). These two algal

species have been used to great extent for pearl oyster larval rearing including P. sterna

(Araya-Nuñez et al., 1995; Rose and Baker, 1994; Doroudi and Southgate, 2000;

Martı́nez-Fernández et al., 2003).

For the other microalgal species, problems related to the physical dimensions (form and

size) of the cells were probably the cause that impeded ingestion by P. sterna larvae. Large

round cells like Tetraselmis tetrathele (TET), T. suecica (TES) and Dunaliella salina

(DUN) (of up to 15 Am in diameter) may be too large for the larvae to ingest, large spines

on the diatoms (CHC, CHM, THA and PHA) may have hampered ingestion as reported by

Rose and Baker (1994) and Lora-Vilchis and Maeda-Martı́nez (1997).

Some Chaetoceros species have been used as larval rearing diet for some pearl oyster

species (Rose and Baker, 1994; Southgate and Beer, 1997; Doroudi et al., 2003) and also

have been proved to be very valuable in enhancing the nutritional value of mixed larval

rearing diets (Brown and Robert, 2002). However, our study shows that P. sterna did not
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ingest the Ch. calcitrans (CHC) and Ch. muelleri (CHM) species during most of its larval

stage.

Epifluorescence technique demonstrated the ineffectiveness in the use of 8 of the 10

microalgae species to feed D-shape and umbo stage larvae of P. sterna; however, since our

work was done with larvae younger than 22 days, it would be advisable to test these

species in older larvae, since age may be an important factor in digestive performance.

Similarly, it would also be advisable to isolate and test small native microalgae (specially

diatoms) available for this species in its natural environment. In the mean time, P. sterna

larvae younger than 22 days should be fed only on PAV and T-ISO and other species

should be avoided until further evaluation of ingestion and digestion indexes.

We recommend to test ingestion and digestion of the other eight microalgal species

after larval settlement to identify if some of these can be administered as a nursery culture

diet and improve the current technique. Other studies as testing different microalgae and

larval densities, physical and chemical parameters and larval culture system (Doroudi et

al., 1999; Doroudi and Southgate, 2000) should be addressed, to achieve the best yield on

the hatchery spat production this species.
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