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Mortality of post-settlement abalone Haliotis iris
caused by conspecific adults and wave exposure
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Abstract Experimental studies of post-settlement
abalone (Haliotis iris Martyn) indicate that wave
exposure and conspecific adults may be important
sources of mortality. In aquarium studies, exposure
of post-settlement abalone to grazing by sea urchins
(Evechinus chloroticus) and starfish (Patiriella
regularis), animals common in the subtidal habitat
of H. iris, resulted in similar survival to control treat-
ments (no grazers). However, in the presence of
conspecific adults, the survival of post-settlement
juveniles was approximately half that of control
treatments. The major cause of mortality was evi-
dently pedal smothering by adults. Similar results
were obtained in field studies in which survival of
recently settled abalone was greater in the absence
of conspecific adults. Field studies also revealed that
the differences between two bays exposed to con-
trasting wave action were a significant source of
variation in post-settlement mortality. Survival of
recruits was greater in the sheltered bay compared
with the bay exposed to ocean swells.
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INTRODUCTION

Recruitment processes have been the focus of many
recent studies in intertidal and subtidal marine habi-
tats (Keough 1989; Rodriguez et al. 1993). Patterns
of recruitment may be influenced both by settlement
patterns and early post-settlement mortality. The
relative importance of these processes will depend
upon the complex interaction of physical and bio-
logical factors including larval supply (Bertness et
al. 1992; Osman et al. 1992), the dispersal and set-
tlement of larvae (e.g., Bertness et al. 1996; Hunt &
Scheibling 1996), and extent of mortality following
settlement. Post-settlement mortality may be as im-
portant as larval supply in determining recruitment.
Osman et al. (1992) and Stoner (1990) have dem-
onstrated that in the absence of large numbers of
larvae, predators are effectively able to remove all
newly settled colonial ascidians. Post-settlement
studies of animals such as barnacles have implicated
both physical and biological factors as important
determinants of recruitment to hard substrata
(Connell 1985; Minchinton & Scheibling 1991;
Raimondi 1991; Gosselin & Qian 1997). Although
no single process has emerged as a key determinant
of recruitment success, density-dependant factors
have been suggested as sources of variation in the
recruitment of marine invertebrates to hard substrata
(Rodriguez et al. 1993; McShane 1995; Hunt &
Scheibling 1997).

Other factors that may be important in influenc-
ing recruitment of benthic invertebrates in wave-ex-
posed subtidal habitats are water movement
(Hawkins 1983; Gosselin & Chia 1995; McShane &
Naylor 1995; Naylor & McShane 1997b) and inad-
vertent "grazing" or "bulldozing" of recruits (Dayton
1971; Fletcher & Underwood 1987; McShane 1991).
For example, the grazing activities of sea urchins can
remove tiny gastropods from subtidal reefs (Fletcher
1987; Black et al. 1988). In previous studies we have
suggested that abalone (Haliotis spp.) recruiting to
coralline surfaces in shallow subtidal habitats may
be vulnerable both to wave exposure (Naylor &
McShane 1997a) and to epibenthic grazers common



364 New Zealand Journal of Marine and Freshwater Research, 2001, Vol. 35

on reef surfaces (Naylor & McShane 1997b). We
now test these suggestions by experimentally expos-
ing post-settlement abalone (H. iris) to cohabitant
grazers (including conspecific adults), and to con-
ditions of contrasting wave exposure.

MATERIALS AND METHODS

Study sites
Field experiments were done in June 1998 in shal-
low coastal embayments off Wellington, New Zea-
land. Two locations were in sheltered water (Reef
Bay) and two locations were in exposed water
(Palmer Bay). Both bays provide small boulder/cob-
ble habitat on a gently sloping reef to c. 8 m depth
(McShane & Naylor 1995). In contrast to Reef Bay,
locations at Palmer Bay were exposed to a southerly
swell.

Laboratory experiment
Boulders c. 20 cm in diameter and encrusted with
thin coralline algae (Spongites yendoi) were col-
lected for use as experimental substrata. The boul-
ders were collected 48 h before the start of the
experiment from 2 to 3 m depth at Reef Bay and
maintained in 4-litre aquaria supplied with flow-
through filtered seawater at ambient temperature.
Separate containers were used for each boulder to
minimise the effects of physical gradients that com-
monly occur across larger aquaria and might have
resulted in variable larval settlement among boul-
ders. Individual boulders were inoculated with c.
1200 competent veliger larvae of Haliotis iris (i.e.,
containing 8 rows of chitonised teeth) that had been
reared in a hatchery following the methods of Moss
& Tong (1992). The number of larvae released were
estimated according to the methods described by
Tong et al. (1992). Immediately before inoculation,
and for 24 h after, the supply of running seawater to
the containers was stopped to prevent the loss of
larvae by overflow. Previous studies (Naylor &
McShane unpubl. data) had indicated that between
20 and 25% of the available abalone larvae would
settle onto boulders.

After 24 h, when no larvae were visually detect-
able in the water column, they were presumed to
have settled and three innoculated boulders were
placed at random into each of 20 glass aquaria (340 x
600 x 200 mm deep). Five aquaria were assigned to
each of the following treatments: abalone (5 adults,
mean shell length 122 mm, SE = 2.0 mm), starfish

(Patiriella regularis) (10 adults, mean diameter
51 mm, SE = 1.46 mm), sea urchins (Evechinus
chloroticus) (10 adults, mean test diameter 71 mm,
SE = 2 mm), and control (no grazers). These densi-
ties of grazers were chosen as being representative
of high-density assemblages found at both Reef Bay
and Palmer Bay (McShane et al. 1993, pers. obs.).
Grazers were free to move among boulders within
aquaria and were observed to do so. During the
course of the experiment the animals were not fed,
and natural day/night cycles were adhered to. After
3 days, the boulders were removed from aquaria and
soaked in 5% buffered formalin for 24 h. Post-set-
tlement abalone were then collected, counted, and
measured (to the nearest mm) under a dissecting
microscope. The pedal surface of all grazers was
visually checked for post-settlement abalone and
then vigorously irrigated. Dislodged material was
then examined under a binocular microscope.

Differences in the mean number of post-settle-
ment abalone remaining on the rocks were analysed
with a standard one-way analysis of variance. Data
analysed were the mean numbers per rock in each
aquarium. Five replicate aquaria were nested within
each level of the factor Grazing treatment.

Field experiment
Field experiments were also done to estimate the
survival of post-settlement H. iris in the wild, in
areas of contrasting exposure and in the presence and
absence of adult conspecifics. Experiments were
conducted in June 1998, within the normal spawn-
ing and settlement season for H. iris in this area
(McShane & Naylor 1996). The experimental sub-
strata for this experiment comprised 45 replicate
concrete blocks (150 mm2 x 40 mm deep). These
were conditioned for a period of 6 months at Reef
Bay (2 m depth) during which time they became
encrusted with the thin encrusting coralline algae S.
yendoi. In the laboratory, each block was inoculated
with 450 (±21) larvae of H. iris following the pro-
cedure above. After 36 h, the blocks were returned
to the field and placed at a depth of 2 m in areas of
reef with contrasting exposure (sheltered (Reef Bay)
versus exposed (Palmer Bay)) and abundance of
abalone (zero versus ~4 m~2). Locations within each
bay were c. 80 m apart. At each location sites with
or without abalone were c. 3 m apart. All sites were
in areas of open boulders, which appeared similar
apart from the absence of presence of abalone. Five
blocks were retained in the laboratory to assess the
number of post-settlement abalone on the experi-
mental substrata.


