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Abstract The existence of an allometric relationship
between mortality rates and body mass has been theorized
and extensively documented across taxa. Within species,
however, the allometry between mortality rates and body
mass has received substantially less attention and the
consistency of such scaling patterns at the intra-specific
level is controversial. We reviewed 73 experimental studies
to examine the relationship between mortality rates and
body size among seven species of abalone (Haliotis spp.), a
marine herbivorous mollusk. Both in the field and in the
laboratory, log-transformed mortality rates were negatively
correlated with log-transformed individual body mass for
all species considered, with allometric exponents remark-
ably similar among species. This regular pattern confirms
previous findings that juvenile abalones suffer higher
mortality rates than adult individuals. Field mortality rates
were higher overall than those measured in the laboratory,
and the relationship between mortality and body mass
tended to be steeper in field than in laboratory conditions
for all species considered. These results suggest that in the
natural environment, additional mortality factors, espe-
cially linked to predation, could significantly contribute to
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mortality, particularly at small body sizes. On the other
hand, the consistent allometry of mortality rates versus
body mass in laboratory conditions suggests that other
sources of mortality, beside predation, are size-dependent
in abalone.

Keywords Body mass - Haliotis spp. - Marine
invertebrates - Size-dependent mortality - Survival

Introduction

Identifying the relative importance of factors that control
mortality rates is fundamental to understanding and pre-
dicting dynamics of natural populations (Gulland 1987).
Mortality, as most vital rates, is governed by a combination
of physiological and environmental factors, and has been
shown to be related to body mass and temperature for a
wide range of organisms (Blueweiss et al. 1978; Calder
1983; Lorenzen 1996; Bystrom et al. 2006).

Theoretical and empirical studies suggest that an allo-
metric relationship of the form, p = aM” where a is a
normalization constant and b is a negative scaling expo-
nent, exists between mortality rate () and body mass
(M) at different levels of biological organization (Peterson
and Wroblewski 1984; McGurk 1986; Lorenzen 1996;
Brown et al. 2004; Savage et al. 2004; Marba et al. 2007,
McCoy and Gillooly 2008). Among taxa, the allometry of
mortality versus body mass is thought to result from the
body size scaling of individual metabolic rate, which fos-
ters faster aging in small organisms (West et al. 1997;
Brown et al. 2004). Empirical studies of the size depen-
dence of mortality rates across taxa suggest negative
scaling exponents around —(.25 that agree with theoretical
expectations (Savage et al. 2004, Marba et al. 2007,
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McCoy and Gillooly 2008). At the intra-specific level, in
contrast, the size dependence of mortality rates is likely to
originate from ecological factors (Peterson and Wroblew-
ski 1984; Dickie et al. 1987), and analyses restricted to a
single species or a group of closely related species suggest
more negative exponents up to —0.46 (McGurk 1986,
1996; Lorenzen 1996, 2000; Bevacqua et al. 2011). Indeed,
body size affects mortality in natural environments by
offering resistance to environmental stressors and by
influencing individual competitive abilities and suscepti-
bility to predators (Charnov 1993; Kozlowski and Weiner
1997; Sogard 1997; Taborsky et al. 2003; Tilman et al.
2004). In addition, negative relationships between mortal-
ity and body size can be related to trade-offs in energy
allocation between growth and maintenance (West et al.
2001; Moses et al. 2008). Young, fast-growing individuals
can have a lower investment in processes such as immu-
nological competence, resistance to physiological stressors,
or developmental stability (Mangel and Stamps 2001; Hou
et al. 2008), thereby suffering greater mortality compared
to later stages.

In this study, we investigate the intra-specific allometric
relationship between mortality rates and body mass in seven
species of abalones Haliotis spp., which are marine mollusks
characterized by a broad geographic distribution. In most
marine invertebrates, mortality rates are size-dependent, with
smaller individuals having lower survival probabilities than
larger individuals (Seager 1982; Berg and Alatalo 1985;
Gosselin and Qian 1997). In abalones, high juvenile mor-
tality has been observed in the field (Shepherd and Breen
1992). Young abalones are expected to be more exposed to
different sources of mortalities compared to adults given
their weaker shells and a weaker power of attachment to the
substratum (Prince et al. 1988). Predation, in particular, can
be a major driver of higher natural mortality of young abal-
ones compared to adult individuals (Hines and Pearse 1982;
Tegner and Butler 1985), as larger individuals may attain a
refuge from predation because of their stronger foot muscles,
thicker shells, and the difficulty that predators have in han-
dling them (Leaf et al. 2007). Because abalones have high
commercial value and support both wild capture fisheries and
aquaculture operations in several nations, a suite of labora-
tory and field studies have investigated mortality rates and
their relationship with individual size or age. The plethora of
published field and laboratory studies conducted on this
molluskan genus provides an opportunity to: (1) compare the
relationship between mortality rates and body mass among
different species, and (2) compare this relationship between
field and laboratory conditions. In particular, we address the
questions (1) do mortality rates scale with body mass in
abalone species and (2) does the relationship between mor-
tality and body mass differ between natural and laboratory
conditions?
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Materials and methods
Dataset

Estimates of age-specific, length-specific or mass-specific
mortality rates of abalones obtained in the field and under
laboratory condition were searched both in peer-reviewed
and grey literature. Data presented in graphs were extracted
using the software Plot Digitizer 2.5. All measures of
survival and mortality were converted into instantaneous
yearly mortality rates u (y~'). Estimates of abalone mor-
tality were collected for seven species, i.e. the pink (Hal-
iotis corrugata Gray), green (H. fulgens Philippi) and red
(H. rufescens Swainson) abalones (found in California,
USA, and Baja California, Mexico); the two Australian
species, blacklip (H. rubra Leach) and greenlip (H. lae-
vigata Leach) abalones; the Japanese Ezo abalone (H. dis-
cus hannai Ino); and the green ormer (H. tuberculata
tuberculata Linneaus and H. tuberculata coccinea Reeve).

For estimates of mortality rates in the field, all experi-
ments that monitored natural or transplanted populations of
given age or size in the natural environment were included
in the analysis (Table S1). With the exception of H. fu-
berculata, mortality data were available for multiple pop-
ulations of the same abalone species (Table S1). Only 8%
of the studies reported the initial body weight of individ-
uals. When body weight was not available, we derived it
from shell length through published length—-mass relation-
ships. In addition, in about 20% of cases, shell length was
derived from individual age through the Von Bertalanffy
growth equation. Length—age and length-mass relation-
ships, when available, were extracted from the same data
source; otherwise, they were selected from studies carried
out in the nearest location. In total, 101 data points
reporting mass-specific mortality rates in the field were
collected from 27 studies (Table S1).

For estimates of mortality rates in the laboratory, we
reviewed experiments conducted in closed systems under
controlled conditions; studies that exposed individuals to
different diet, light, density or temperature treatments were
included (see Table S2), while studies in which abalones
were starved or exposed to infectious agents as part of the
experiments were excluded from the analysis. The initial
weight of individuals was reported in 54% of laboratory
experiments; in all other cases, the mass was calculated
from the shell lengths of reared individuals using published
length—-mass relationships (Table S2). In total, 274 data
points reporting mortality rates at different body sizes in
the laboratory were extracted from 46 studies (Table S2).

Temperatures experienced by individuals in field and
laboratory studies were recorded from the source publica-
tions, when available. For field studies in which tempera-
ture was not reported, the geographic coordinates of the
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study location were used to derive a 30-year average of sea
surface temperature estimated from the NCEP real-time
Marine database (NCEP Marine data provided by the
NOAA/OAR/ESRL PSD, Boulder, CO, USA, from their
Web site at http://www.esrl.noaa.gov/psd/).

A summary of data reporting the range of mortality
rates, sizes, and temperatures for each Haliotis species and
condition is presented in Table 1.

Statistical analysis

The significance of the relationship between log-trans-
formed mortality rates and log-transformed body mass was
tested for each species both in the field and in the labora-
tory using ordinary least-square regression. Analysis of
covariance (ANCOVA) was then used to test whether the
relationship between body mass and mortality rates varied
among species and between natural and laboratory condi-
tions. The model included log-transformed mortality rates
(Inw) as the response variable and three explanatory vari-
ables with all first order interactions and multiplicative
terms: log-transformed body mass InM (covariate); species
(seven levels: H. corrugata, H. discus hannai, H. fulgens,
H. rufescens, H. laevigata, H. rubra, H. tuberculata); and
condition (two levels: laboratory and field conditions).

As temperature is known to strongly influence vital
rates, including mortality rates, we also tested linear
models including temperature. In particular, empirical and
theoretical studies conducted at intra- and inter-specific
levels, basing their arguments on the theoretical framework
of Gillooly et al. (2001) and Brown et al. (2004), suggest
that mortality rates scale with the inverse of temperature
as:

ex E
x =
K p kT

where k is Boltzmann’s constant (8.62 x 107 eV/K), T is
temperature in K, and E is the activation energy to be

estimated on available data. First, the temperature effect
was tested for each species both in the field and in the
laboratory by fitting a multiple linear model of the form:

B
Inpu o const+oclnM—k—T.

Then, we tested the effect of temperature on mortality
rates in laboratory and field conditions assuming a common
temperature dependence of mortality rates among all
species, by adding the explanatory variable 1/kT to the
ANCOVA.

In our dataset, the range of laboratory studies included
much smaller animals than those in the wild population
studies (Table 1), potentially influencing our comparison
of mass—mortality relationships between field and labora-
tory conditions. In order to check the robustness of our
results, we therefore performed ANCOVAs on a subset of
laboratory data that only included the range in body masses
reported in the field studies.

Finally, a sensitivity analysis was carried out to assess
how uncertainty in parameters of the Von Bertalanffy
growth equations and of length—-mass relationships affects
final estimates of the allometric exponent (see Electronic
Supplementary Materials).

Results

Log-transformed mortality rates in the field were nega-
tively correlated with individual log-transformed body
mass for all seven species considered (Fig. 1; Fig. Sla).
The relationship was significant for H. corrugata
(p < 0.05, P = 0.76, n = 6), H. discus hannai (p < 0.001,
= 0.69, n=14), H. laevigata (p <0.05, r* = 0.38,
n = 16), H. rubra (p < 0.001, — 0.68, n = 31), H. ru-
fescens (p < 0.001, — 0.46, n = 23); nearly significant
for H. fulgens (p = 0.064, r* = 0.53, n = 7); and not sig-
nificant for H. tuberculata (p = 0.121, r* = 0.77, n = 4).

Table 1 Summary of the dataset reporting the range of mortality rates, sizes and temperatures for each species and type of study

Species Field studies Laboratory studies
No. Mortality range  Mass range Temperature  No. Mortality range  Mass range Temperature
studies (yearfl) (2) range (°C) studies (yearfl) (2) range (°C)
H. corrugata 2 0.20-1.05 9.8-459.3 16.5 5 0.29-22 2x 107772 16.8-20
H. discus hannai 5 0.22-16.04 0.0054-18.23  4.4-17 12 0.05-36.78 8.3 x 107° 25 3.9-223
H. fulgens 3 0.11-3.04 0.97-459.1 16.5-18.7 10 0.04-43.70 6 x 1077 3.7 16-28
H. laevigata 4 0.31-8.20 0.36-231.8 15-17.20 7 0.09-18.07 4 %1077 -10 16.9-20
H. rubra 9 0.09-37.29 0.029-308.5 13-22 4 0.32-60.95 4.01 x 107°-3.39  16.9-19.2
H. rufescens 5 0.05-4.61 7.7-829.5 12.35-17 7 0.05-19.16 1.7 x 107©-99.23  11.1-22
H. tuberculata 1 0.14-1.70 0.67-179.9 14 6 0.12-6.96 8 x 1077 -18.35 13-24.6
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Mean estimates of allometric exponents in the field ranged
from —0.52 for red abalone to —0.30 for blacklip abalone
(Fig. 2). Estimated intercepts ranged from —0.11 for Ezo
abalone to 2.09 for red abalone (Fig. 2), corresponding to
mortalities at unit weight of 0.89 and 8.01 y~', respectively.

Log-transformed mortality rates in the laboratory also
scaled negatively with individual log-transformed body
mass (Fig. 1; Fig. S1b). Allometric relationships were
highly significant for all seven species considered:
p <0001, =093 for H. corrugata (n=29); p <
0.001, r* = 0.68 for H. discus hannai (n =173); p <0.001,
r* = 0.54 for H. fulgens (n = 38); p < 0.001, r* = 0.46
for H. laevigata (n = 29); p < 0.05, r* = 0.33 for H. rubra
(n = 23); p < 0.001, = 0.52 for H. rufescens (n = 51)
and p <0.001, * = 0.62 for H. tuberculata (n = 31).
Mean allometric exponents ranged from —0.32 for Ezo
abalone to —0.15 for blacklip abalone (Fig. 2). Estimated
intercepts ranged from —1.58 for green ormer to 0.30 for
blacklip abalone (Fig. 2), corresponding to mortalities at
unit weight of 0.20 and 1.35 y~', respectively.

The scaling of mortality with body mass in the field was
very similar across the seven species considered (Fig. 1),
with estimates of allometric exponents having widely
overlapping confidence intervals (Fig. 2). In the laboratory,
the slopes of the log—log relationships were also similar
across species (Fig. 1), and confidence intervals of esti-
mated allometric exponents overlapped with the only
exception of H. discus hannai (Fig. 2). In the analysis of
covariance (Table 2), the significant interaction term
between InM and species (p < 0.05) was entirely driven by
the Japanese species, which showed more negative scaling
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Fig. 1 Scatter plot of mortality rate versus body mass (both natural
log-transformed) for seven species of abalone (Haliotis spp.), along
with the fitted regression line for each species, for laboratory studies
(white circles, dashed lines) and for field studies (black circles, solid
lines). Data presented here are not temperature corrected; however,
temperature correction has little effect on the regression lines that are
displayed (see “Results”)
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in laboratory conditions with respect to the other species.
For all seven species considered, mean estimates of allo-
metric exponents were consistently more negative in nat-
ural than in laboratory conditions (Fig. 2). Although the
differences in allometric exponents between field and lab-
oratory conditions were not significant at the species level
(with the exception of H. rubra), the estimated slopes in the
laboratory were significantly lower than that those esti-
mated in natural conditions, as indicated by the significant
interaction term between InM and condition (Table 2).
Common allometric exponents were —0.40 (95% CI
—0.47, —0.34) in the field and —0.21 (95% CI —0.26,
—0.16) in the laboratory.

The intercepts of the log—log relationships estimated in
the field, representing the log-mortality rate at unit weight,
were significantly different among species (p < 0.001,
Table 1), indicating that individuals of the same body size
belonging to different abalone species experience different
mortality rates. The intercepts of allometric relationships
estimated in the laboratory were smaller than the estimates
obtained in field conditions (Table 2), indicating that
mortality rates at unit weight are generally higher in the
field than in the laboratory (Fig. 2). The interaction term
between species and condition was near to the significance
levels (p = 0.10), suggesting that the differences in mor-
tality rates at unit weight between laboratory and natural
conditions are variable among species. This indicates that
species with relatively high mortality in the field do not
necessarily also have relatively high mortality in the
laboratory.

Within single species, temperature had relatively little or
no effect on the scaling of mortality rate, being not sig-
nificant in 10 of 14 cases. For laboratory studies, temper-
ature was significant in three of the seven species
considered, with values of E ranging from 7.01 (95% CI
1.62, 12.41) eV for H. rubra to 1.83 (95% CI 1.12, 2.56)
for H. rufescens and 0.45 eV (95% CI 0.06, 0.85) for
H. tuberculata. In natural conditions, temperature was
significant only for H. rubra, with E equal to 1.18 eV (95%
CI 042, 1.94) (in two cases, for H. tuberculata and
H. corrugata, we could not test the temperature effect
given the low number of data; see Table 1). Among spe-
cies, instead, temperature effect was highly significant
(p < 0.001; Table 2). Mortality increased with temperature
with activation energy of 0.62 eV (95% CI 0.36, 0.89).
When temperature was included in the model, however,
variability was only marginally reduced, with significant
differences in mortality at unit weight among species still
remaining (Table 3). Common allometric exponents
obtained when adding 1/kT to the model remained very
similar to previous estimates, being —0.37 (95% CI —0.45,
—0.30) and —0.22 (95% CI —0.24, —0.20) in the field and
laboratory, respectively.
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Table 2 ANOVA table for the statistical model relating log-trans-
formed mortality rate (Ing) to variation in log-transformed body mass
(InM), species (seven levels: H. corrugata, H. discus hannai, H. ful-
gens, H. rufescens, H. laevigata, H. rubra, H. tuberculata), and
condition (two levels: laboratory and field conditions)

Source of variation df Sum sq F ¥4

InM 1 476.39 508.75 <0.001
Species 6 42.56 7.58 <0.001
Cond 1 59.04 63.05 <0.001
InM:species 6 16.98 3.02 <0.01
InM:cond 1 18.68 19.95 <0.001
Species:cond 6 10.04 1.79 0.101
InM:species:cond 6 4.85 0.86 0.522
Residuals 347 324.93

Table 3 ANOVA table for the statistical model relating log-trans-
formed mortality rate (Ing) to variation in inverse temperature (1/k7),
log-transformed body mass, species, and condition

Source of variation df Sum sq F P

kT 1 19.26 21.29 <0.001
InM 1 422.97 467.60 <0.001
Species 6 39.20 7.22 <0.001
Cond 1 66.52 73.54 <0.001
InM:species 6 9.85 1.81 0.09
InM:cond 1 15.11 16.71 <0.001
Species:cond 6 11.37 2.09 0.05
InM:species:cond 6 3.96 0.73 0.626
Residuals 332 300.31

The results of the ANCOVA (with and without tem-
perature) performed on the reduced dataset, that excluded
35% of laboratory data outside the body mass range of field
data, remained unchanged compared to the full dataset with
respect to the significance levels of the explanatory vari-
ables and the magnitude of estimated regression coeffi-
cients (see Tables S3 and S4 in the ESM).

Discussion

Results of our analyses show that body mass is an impor-
tant predictor of mortality rates both at the intra-specific
level and among closely related species of Haliotis spp.
First, mortality decreases significantly with individual body
mass both in natural and laboratory conditions, indicating
the size-dependence of different sources of mortality for
abalone. Second, allometric exponents are remarkably
similar among seven species of the same genus. Third, our
comparison between field and laboratory studies indicated
that, in the natural environment, factors such as predation
and environmental stress make an additional contribution
to mortality, particularly for younger individuals.

In the field, allometric exponents of mortality—weight
relationships were similar among species, and we estimated
a common exponent of —0.40, which falls in the range of
observed intra-specific allometric exponents obtained in
previous studies on marine organisms (—0.26 to —0.46;
McGurk 1986, 1996; Lorenzen 1996, 2000; Bevacqua et al.
2011). In laboratory conditions, allometric exponents were
also similar among species and the estimated common
slope was —0.21, which falls in the range of exponents
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obtained for fish species in culture conditions (Lorenzen
1996). These consistent relationships confirm previous
observations that juvenile abalones suffer higher mortality
rates than adult individuals (Hines and Pearse 1982; Leaf
et al. 2007). Laboratory data thus suggest that, besides
predation, other sources of mortality are likely to be size-
dependent. Intra-specific competition for food resources in
the laboratory experiments analyzed in the present study
seems unlikely as food was given ad libitum. Similarly,
competition for space was also unlikely as abalones cov-
ered on average less than 20% of available space in all the
laboratory experiments considered. As inter-specific eco-
logical interactions—i.e. predation and inter-specific
competition—are likely to be absent, higher mortality rates
of smaller individuals with respect to larger adults may be
due to ontogenetic development of the immune system,
differences in abilities to handle environmental stressors, or
variation in available energy reserves (Ellis 1988; Post and
Evans 1989; Kalinin et al. 1993). Studies on energy allo-
cation in abalones (Peck et al. 1987) show that the fraction
of the energy budget used for somatic growth decreases
with increasing body mass, whereas energy allocated to
mucus production, which is important for locomotion,
protection and signal transmission (Davies and Williams
1998; Hutchinson et al. 2007), increases with increasing
body mass (Peck et al. 1987). Such energetic trade-offs
between growth rates and maintenance could be partially
responsible for higher mortality rates of young, fast-
growing individuals with respect to adult individuals
(Mangel and Stamps 2001; Hou et al. 2008). The degree by
which the amount of energy allocation to maintenance
could be a direct predictor of mortality rates, however,
requires further investigation.

In our study, allometric exponents were remarkably
similar among the different species of Haliotis spp. Mor-
tality rates at unit weight, on the contrary, were markedly
different among abalone species, especially in the field.
Interestingly, previous studies on the scaling of mortality
versus body size among species also found more variability
in mortality at unit weight than in allometric exponents
(Lorenzen 1996, 2000). Abalone populations considered in
these analyses have different geographic distributions
spanning from America to Japan to Australia (Table S1),
different water depth ranges, i.e. intertidal for H. fulgens
and H. rubra and subtidal for H. corrugata, H. discus
hannai, H. laevigata, H. rufescens and H. tuberculata
(Guzman del Préo 1992; Tegner et al. 1992; James et al.
2007), and different maximum adult sizes, from 8 to 30 cm
shell length (Day and Fleming 1992). However, the
apparent variability in overall mortality rates could not be
attributed to a latitudinal effect, i.e. to the different tem-
perature ranges experienced by the various abalone species.
Additionally, species with large maximum adult sizes did
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not appear to have lower mortality rates than smaller spe-
cies: for example, H. tuberculata, the smallest species of
abalones considered in the analysis, tended to experience
lower level of mortality rates both in the field and in the
laboratory than H. rufescens, which has the greatest adult
size (Fig. 2). However, the different habitat ranges occu-
pied by the abalone species could entail different levels of
overall predation, food availability and/or exposure to
environmental stress that could explain the dissimilarity in
mortality at unit weight within the genus Haliotis.

Comparison of allometric relationships between field
and laboratory studies showed that mortality rates are
significantly greater in the field than in controlled labora-
tory conditions. This is consistent with the expectation that
in the natural environment mortality may be higher because
organisms are exposed to temperature extremes, storms,
disease, starvation, and to ecological interactions, e.g.,
predation and competition, which may all cause an increase
in abalone mortality (Shepherd and Breen 1992). The
steeper allometric scaling in field populations compared to
laboratory studies suggests that natural causes of mortality
present in the field may be more severe for juveniles than
for adults. In particular, natural predation is thought to be
strongly size dependent for abalone as juveniles are more
vulnerable to predators than adults given their thinner shell
(Prince et al. 1988; Shepherd and Breen 1992). In our
study, all species are represented both in natural and in
culture conditions, thus avoiding possible confounding
factors due to variability in allometric exponents among
species. In addition, the differences in allometric scaling
between laboratory and wild populations remained con-
sistent when including only the laboratory studies with the
same body mass range as the field studies, making us
confident in the robustness of our analysis. The only pre-
vious comparison of allometric scaling of mortality rates in
wild and cultured fish populations at the intra-specific level
(Lorenzen 1996) found that mortality rates were lower
overall in the laboratory, as in our study, but that allometric
scaling was more negative in the laboratory than in natural
populations, the opposite of our results for abalone. One
possible reason for such discrepancy is that juvenile fish
mortality in cultured conditions could increase due to
cannibalism, which has been observed in several fish spe-
cies but is highly unlikely for grazing mollusks such as
abalones. Further comparisons of allometric scaling
between field and laboratory studies could contribute to a
better understanding of the size-dependent differences in
mortality.

Temperature had little effect on the size scaling of
mortality rates within a single species. This could be due to
the small temperature ranges experienced by some species
in the field and laboratory studies (Table 1) and/or to the
effect of local adaptation that may obscure the temperature
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dependence of vital rates within a species (Yamahira and
Conover 2002; Tilman et al. 2004). Indeed, several labo-
ratory experiments suggest that the ability of abalone to
acclimate to water temperature is strongly related to the
biogeographical distribution of the species (Dalhoff and
Somero 1993) and that thermal tolerance is relatively
constant over the temperature range experienced by a
species in its natural environment (Diaz et al. 2000, 2006).
However, among species, the temperature effect on mor-
tality rates was significant and consistent with previous
studies conducted at the inter-specific level (McCoy and
Gillooly 2008), suggesting that mortality is generally
higher at high temperatures. Estimated activation energy
(0.62 eV) falls in the presumed range of 0.2-1.2 eV
(Gillooly et al. 2001; Downs et al. 2008) and was similar to
the values of E found at the inter-specific level (0.57 eV;
McCoy and Gillooly 2008).

Other factors are likely to influence mortality rates in
abalone besides body mass. In our study, the residual vari-
ability in mortality could be attributed to different diets, local
environmental or density conditions both in the field and in the
laboratory, as well as random variation among studies. In
addition, chronic diseases, e.g., the withering syndrome, can
tremendously increase mortality rates leading to precipitous
population declines (such as the mass mortality events
observed in California for the black abalone H. cracherodii,
Raimondi et al. 2002). Understanding the circumstances
under which mortality is likely to increase is fundamental to
guide management and restoration efforts.

Abalones are representative of a suite of marine inverte-
brates including mollusks and echinoderms that share similar
life history and characteristics, such as size refuges from
predation associated with the development of shells, tests, and
spines, and benthic, sedentary juveniles and adults. Thus, we
hypothesize that our results could be broadly applicable to
other taxa.
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