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SUMMARY  

In 2009, California (CA) State and Federal agencies declared the black abalone (Haliotis cracherodii), a marine 

gastropod mollusk, endangered under the Endangered Species Act. H. cracherodii ranges from northern CA to 

Baja CA, Mexico and occurs in rocky intertidal habitats to about 6 m depth. This accessibility exposes them to 

anthropogenic pressures from human harvesting, habitat destruction, and pollution more than other CA abalone 

species. In the wild, fertilization and recruitment rates of H. cracherodii are currently critically low due to the 

low density of reproductive adults, making it difficult for populations to recover from pressures such as 

Withering Foot Syndrome (WFS) and human harvesting (Chambers et al. 2006). Restoring wild populations 

therefore, is crucial, and the recovery of this endangered species may require human intervention. Specifically, 

optimal methods that enhance the production and settlement of larvae and recruitment of juveniles will be 

crucial in aiding its recovery. This may ultimately require rearing H. cracherodii juveniles in laboratory 

aquaculture settings and outplanting them into wild populations. However, little is known about how different 

adult rearing conditions will impact larval production and performance, or how these conditions impact the 

speciesô larval stages, survival and competency. 

 In this study, we will explore whether parental diet affects their fecundity, and how parental diet and larval 

rearing temperatures together affect growth, development, and settlement of their larval stages. Specifically, 

adult H. cracherodii have been fed diets that consist of either single species or mixed assemblages of different 

Phaeophyceaen (brown) and Rhodophyceaen (red) macroalgae, and their production of larvae quantified. 

Further, these larvae will be reared under different temperatures and their development and settlement will be 

monitored.  Like other abalone species, H. cracherodii larvae are lecithotropic, indicating feeding does not 

occur during the larval stages. Rather, the larvae must rely on the yolk provided by the mother as an energy 

source, suggesting that parental condition may be crucial to larval settlement and competency, and ultimately to 

the successful recovery of the species. However, the variation in seawater temperature under which the larvae 

are released can also be important by either accelerating or delaying metamorphosis, suggesting this also may 

be important for their recovery. In fact, studies have shown differences in lipid and protein composition in 

Haliotis spp. larvae reared from parents fed varying diets, and temperatures under which their larvae were 

released significantly affect larval settlement and development. By investigating the potential synergistic effects 

of parental diet and seawater temperature on the development and settlement of H. cracherodii larvae we will 

identify optimal techniques for increasing larval production and settlement competency, and juvenile 

recruitment. In doing so, this study will support conservation efforts of this endangered species as well as 

provide possible methods for commercial farmers of other southern California Haliotis species. 
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INTRODUCTION  

Southern California (CA) is home to seven abalone species in the genus Haliotis; H. assimilis (threaded), H. 

corrugata (pink), H. cracherodii (black), H. fulgens (green), H. rufescens (red), H. sorenseni (white), and H. 

walallensis (flat). Abalone are gastropod mollusks and follow a life history starting with male and female adults 

that broadcast spawn their gametes into the water column for eggs to be fertilized by sperm; then the first larval 

stage called the trocophore larval stage hatches out from a fertilized egg, (~22 hours after eggs have been 

fertilized); next the metamorphosis of the second larval stage called the veliger stage occurs (~43 hours after 

eggs have been fertilized); and lastly, settlement occurs where the post-larval/juvenile undergoes 

metamorphosis and sinks to the benthos (~68 hours after eggs have been fertilized), and grows into the adult 

stage (Jardillier et al. 2008). Abalone species inhabit coastal subtidal and intertidal habitats where they feed on 

various species of macroalgae. 

 

 

Figure 1. The life cycle of Haliotis spp. reveals the two yolk-bearing, free-swimming larval stages (trocophore 

and veliger) and settlement or juvenile/post-larval stage (from Jardillier et al. 2008) 

 

Due to their feeding activity, they are often considered ecosystem engineers because they alter recruitment not 

only of their own species, but of other benthic invertebrates and algae as well (Matthews and Cook 1995; Miner 

et al. 2006). Furthermore, abalone are a highly prized commercial and recreational fishery species and comprise 

part of the diet for a number of invertebrate and vertebrate predators. However, due to human harvest and 

disease, their abundances in southern CA waters have declined over the past few decades, and many species are 

near the point where their populations are near extinction. Consequently, abalone have been protected from 

harvest, but their populations remain in dangerously low numbers. Therefore, activities to restore these 

populations in the wild are of paramount importance to the survival of these species and the recovery of the 

fisheries they once supported.  

Currently, the Department of Defense (DoD) Legacy Resource Management Program funded a project 

interested in conditioning, spawning, settling, and growing out H. cracherodii for conservation purposes. Dr. 

David Lapota and Melissa Blando are working on this project to support the research goals of the program, in 

order to aquaculture H. cracherodii for future restoration outplants. Previously, we have worked with various 

techniques to increase numbers of juveniles (i.e. increase settlement) of other Haliotis species (H. fulgens and 
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H. rufescens) by utilizing artificial seawater, antibiotics, and the settlement cue ɔ-Aminobutryic Acid (GABA)  

to increase larvae survival and increase settlement. These techniques are widely utilized by commercial 

aquaculture farms, and the techniques are of interest to use on H. cracherodii. Specifically, we are interested in 

what factors enhance settlement of H. cracherodii larvae, such as parental diet and larval rearing temperature 

                    .  

                                 Figure 2.  Shell of the black Abalone, Halitois cracherodii 

 

Previous research on H. cracherodii and other southern CA Haliotis species have examined the effects of 

parental diet and temperature on growth and food consumption. Specifically, Leighton and Boolootian (1963) 

observed that diets consisting of giant kelp, Macrocystis pyrifera, and/or the red macroalga, Gigartina 

canaliculata, produced higher growth rates in H. cracherodii adults than other types of macroalgae, though 

consumption rates of other macroalgal species such as of the featherboa kelp, Egregia laevitaga (Egregia 

mensiezii, Abbott and Hollenberg 1992), were greater. This suggests that there are differences in nutritional 

and/or energetic quality of their food. Another red macroalga, Palmaria mollis, increased growth rates in adult 

H. rufescens, and is considered an ideal food source in land-based aquaculture settings (Demetropoulos and 

Langdon 2004), though  it remains unclear whether this species of macroalgae will produce similar growth in H. 

cracherodii. Similarly, mixed diets of brown and red algae have been shown to produce higher consumption 

and growth rates in abalone species around the world, especially when compared to monospecific diets of 

brown, red, or green algae  Graham 2008; Qi et al. 2010 ). In New Zealand, for example, Stuart and Brown 

(1994) determined that a mixed diet of M. pyrifera and Gracilaria chilensis resulted in the highest growth rates 

of H. iris when compared to a mixed diet of M. pyrifera and Ulva lactuca. However, a mixed diet of M. pyrifera 

and U. lactuca is still of interest for H. cracherodii, especially since these are two common and easily 

accessible macroalgae in California.  Thus, a primary focus of our research will be to identify different mixtures 

of macroalgal species as potential food sources for H. cracherodii aquaculture. Diet is crucial in determining 

how to condition H. cracherodii, adults, because diet can promote weight gain, which may increase spawning 

success.  
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                    Figure 3.  Baseline information for the black abalone. (Photos by Blando and    

        VanBlaricom). 

 

In addition to adult food, the temperature at which the adults and their larvae are grown can also be important to 

the growth and reproduction of laboratory-reared abalone. For example, Larvae of three Haliotis species reared 

at temperatures ranging from 15 -23°C grew more rapidly and exhibited higher settlement compared to larvae 

reared at temperatures outside of this range (Leighton 1974). Further, Vandepeer (2006) emphasized the 

interaction between nutrition and temperature as they impact mortality of H. rubra, suggesting interactions 

between adult diet and larval rearing temperature may also be of great importance for H. cracherodii. Likewise, 

Nelson et al. (2002) linked the effect of parental diet on larval lipid concentrations in H. fulgens. Specifically, 

they demonstrated that a parental diet of E. menziesii resulted in the greatest preference by, and growth in, adult 

H. fulgens. They also determined that larvae from parents fed E. menziesii contained the greatest lipid content of 

polyunsaturated fatty acids, which was the highest represented lipid class in H. fulgens larvae, and concluded 

selective storage of lipids in adult tissues, and subsequent transfer to the larvae. While these studies have all 

considered the effects of diet and/or temperature on a variety of abalone species, no studies of which I am aware 

have identified optimal temperatures for larval development and settlement in H. cracherodii, and parental diet 

has not been clearly linked to temperature rearing effects on their larvae. This information may prove critical in 

the successful restoration of black abalone populations. 
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               Figure 4.  Limited data quantifying proposed rearing of  black abalone larval stages. 

 

                       

         Figure 5.  Earlier data addressed diet and culture temperature for adult black abalone for limited periods  

    of time for adult black abalone, but not for larval stages. 

 

 


