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Abstract. The habitat requirements of early benthic stage juveniles of California spiny lobster Panulirus interruptus
are known only from studies conducted near its northernmost geographic range, where environmental conditions
differ markedly from those along the Pacific coast of the southern Baja California Peninsula (Mexico). We deter-
mined the natural habitat of this stage of P interruptus in the central portion of their range from sampling the
available dominant vegetated habitats included various seagrasses and macroalgae. Additionally, experiments on
habitat selection by early benthic juvenile P, interruptus were performed under laboratory conditions to test natural
substrate selection and whether selection of substrata is affected by odour signals. Despite the abundance of different
macrophytes as habitat, 93% of the juvenile lobsters were found at the base of the blades of Phyllospadix spp. in the
intertidal zone at 0 to 3 m. The highest juvenile densities were found in September at both sites. In laboratory experi-
ments, juvenile lobsters preferred, in order of preference, Gelidium robustum, Phyllospadix, Plocamium pacificum,
and holdfasts of the kelp Macrocystis pyrifera. A second laboratory experiment showed that these preferences were
affected by odour signals. Results indicate that the ecology of juvenile P interruptus off the coast of the Mexican
Baja is similar to that observed off the coast of southern California.
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Introduction

The California spiny lobster Panulirus interruptus Randall,
1840 is a temperate-subtropical species distributed from
coastal San Luis Obispo County, California at ~35°N to
Isla Santa Margarita, Bahia Magdalena, México at ~24.5°N
(Vega et al. 1996); its greatest abundance is centred along
the central part of the Baja California Peninsula of Mexico
(Johnson 1960; Pringle 1986; Vega and Lluch-Cota 1992).
Throughout its range, P interruptus is found in rocky areas
from the low intertidal zone to depths of 100 m (Lind-
berg 1955). The state of Baja California Sur contributes
around 50% of the total lobster catch in México (Vega et al.
1996), but 95% of which is P interruptus and the rest is
Panulirus inflatus and Panulirus gracilis (Briones-Fourzan
and Lozano-Alvarez 2000). In Mexico, the value of the lob-
ster catch stands at US$24 million based on production of
1970t (SAGARPA 2003), making the spiny lobster fishery
the sixth most valuable fishery in Mexico after shrimp, tuna,
bream, octopus, and grouper.
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Some studies of the early life history and ecology of
P interruptus were conducted over a quarter century ago in
California (USA) at the northern limit of its range (Mitchell
1971; Parker 1972; Serfling 1972; Engle 1979), but lit-
tle research on early life history has since been published,
especially along the coast in Mexico, where the species is
most abundant. The early life history of P interruptus begins
with a protracted oceanic larval period (c¢. 7 to 8§ months;
Johnson 1960; Ortufio-Manzanarez 2003), after which the
final larval phase (Stage 11) metamorphoses into a ‘pueru-
lus’ postlarva, measuring 2 to 3 cm long (6.5 mm carapace
length; CL). Postlarvae return to the coast between May and
September (Serfling and Ford 1975; Guzman del Préo et al.
1996; Vega et al. 2000) and settle in shallow, rocky vegetated
areas (Parker 1972; Engle 1979; Ayala-Martinez and Chéavez
1985). After settlement, they acquire pigmentation in 9—10
days, moult to the early benthic juvenile (EBJ) stage, and
take up residence within vegetated habitats for a few months
(Serfling and Ford 1975).
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Mechanisms of habitat selection by pueruli are unknown
for most species of spiny lobster (Palinuridae) (Kanciruk
1980; Butler and Herrnkind 2000). This is partly a conse-
quence of puerulus characteristics and behaviour (Krebs and
Kacelnik 1992), such as their sparseness in natural habi-
tats, small size, and crypticity (Marx and Herrnkind 1985a¢;
Herrnkind and Butler 1986), and partly owing to the com-
plex topographic microhabitat where they reside (Caddy and
Stomatopoulos 1990; Boudreau 1992). These characteristics
conspire to make the early post-settlement phases of nearly
all spiny lobsters challenging to study (Butler and Herrnkind
2000). Despite this, others have demonstrated that survival
of the EBJ stage of Panulirus argus is directly related to
habitat quality, including food supply and shelter (Marx and
Herrnkind 19854, 1985b; Butler and Herrnkind 1986; Butler
et al. 1997).

Our general knowledge of the spiny lobster’s early life
history was summarised by Butler and Herrnkind (2000),
indicating that natural habitats for newly settled pueruli and
EBJ stages are either dense vegetation such as red or brown
macroalgae or seagrass (e.g. P argus and P interruptus),
or small holes in rocks or reefs that are scaled to body
size of the EBJ (e.g. P cygnus, P homarus, P japonicus,
P, ornatus, P versicolor, P guttatus, and Jasus lallandii),
or both as in J. edwardsii. However, the primary habitat of
EBJ stage palinuridae often depends on ecological charac-
teristics of the particular region (Serfling and Ford 1975;
Marx and Herrnkind 1985a). As an example, for one of
the most studied species, P argus, EBJ and recently set-
tled pueruli occurred on seagrass in Florida Bay (Holmquist
et al. 1989), mangrove roots in Belize coastal waters (Acosta
and Butler 1997), clumps of red macroalgae Laurencia spp.
in the Florida Keys (Marx and Herrnkind 19854, 1985b),
and mats of brown algae Lobophota variegata in a barrier
reef lagoon in the Mexican Caribbean (Briones-Fourzan and
Lozano-Alvarez 2001). Experimental studies with P argus
suggest that postlarval and EBJ lobsters may respond to
both chemical and architectural cues (Herrnkind and Butler
1986).

Even thought seaweed habitat is available for most species
of palinuridae, many prefer hard habitats. For example, EBJ
P japonicus occupy holes on coral reefs (Norman et al.
1994) instead of readily available seaweeds, such as the vari-
ous species of Laminareaceae or Sargassum spp. (Yoshimura
et al. 1994). Although the presence of large kelps near rocky
reefs appears to enhance settlement of P japonicus in Japan
( Norman et al. 1994; Yoshimura et al. 1994), as well as
J. edwardsii in Tasmania (C. Gardner, personal communi-
cation). Dennis et al. (1997) observed juvenile P ornatus
inhabiting holes or crevices in a limestone substratum par-
tially cover by seagrass or macroalgae, as was observed with
juvenile P, cygnus by Jernakoff (1990). Early benthic juvenile
J. edwardsii, which typically occupy holes or crevices on
rocky reefs in New Zealand (Butler et al. 1999), apparently
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require bio films on the substrate for it to be attractive to them
(Booth 2001).

Off Santa Catalina Island in California, subtidal surveys
indicate that juvenile P interruptus occupy two habitats:
(a) shallow, rubble-rocky areas with algae such as Sargassum,
Pterocladia, Plocamium, and unidentified corallines; or
(b) large Phyllospadix beds and low-lying red algae grow-
ing on consolidated substrates (Parker 1972). Exploratory
habitat surveys at different places in California indicated that
small juveniles, although difficult to find, commonly inhab-
ited rocky habitats with dense plant cover at depths from 0
to 4 m; most were encountered in Phyllospadix beds (Engle
1979). Some EBJ P, interruptus have been found in Bahia
Sebastian Vizcaino within tide pools during low tide where
calcareous algae were abundant (Ayala-Martinez and Chavez
1985).

Laboratory studies of habitat selection by P interrup-
tus pueruli and EBJ suggested that both stages prefer
Phyllospadix over rubble rock and Macrocystis, but pueruli
showed no preference among Phyllospadix, Zostera marina,
Plocamium, Halidrys, and other red algae. On the other hand,
juveniles preferred Plocamium to Phyllospadix and showed
equal preference among Phyllospadix, Halidrys, and other
red algae (Parker 1972; Engle 1979).

Our objective was to determine the natural habitat of
EBIJ P, interruptus in Baja California Sur, Mexico where the
species is most abundant and where seagrass and macroalgal
substrates are present. We also conducted laboratory exper-
iments to test: (a) substrate selection by EBJ P, interruptus
and (b) their response to odour produced by various natural
substrates.

Materials and methods

Study sites

Our field studies were conducted at two sites. ‘Queen’ is located at
the south end of a large bay, Bahia Sebastidan Vizcaino (27°46'33"—
27°46/47"N, 114°38'00"-114°38'20"W). ‘Arvin’is located to the south
in a cove at the north end of Bahia Tortugas (114°51'59”-114°52'17"N,
27°38'517-27°38'59"W) (Fig. 1). These sites were selected because
older juveniles (40—60 mm CL) were seen and captured during two pre-
vious exploratory surveys. In addition to the studies described here, we
also examined the feeding ecology of juvenile P interruptus at these
same sites and sample periods (Castafieda-Ferndndez de Lara ef al.
2005). The two sites experience different oceanographic conditions and
are dominated by different flora because they are separated by a penin-
sula that juts north—west into the Pacific and diverts prevailing currents
(Lluch-Belda 2000). This in turn generates differences in seawater tem-
perature at the two sites, and creates a near permanent gyre that may
retain P, interruptus larvae in the region (Pringle 1986). Seawater tem-
perature at the Arvin site is generally cooler and temperate seagrasses
and macroalgae are the dominant benthic flora there, whereas at the
Queen site, seawater temperature is higher and the benthic flora more
indicative of warmer seas.

From Bahia Sebastian Vizcaino to Punta Abreojos (26°45'00”N,
113°37'30"W), which corresponds to the centre of lobster capture (Vega
and Lluch-Cota 1992), well known locally as the ‘North Pacific fishing
region’, the dominant flora are the brown algae Macrocystis pyrifera,
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Pelagophycus porra, and Eisenia arborea; the red alga Gelidium robus-
tum, numerous species of calcareous red algae, and the surfgrasses
Phyllospadix torreyi (Guzman del Préo et al. 1972) and P scouleri
(Ramirez-Garcia et al. 1998, 2002).

Field sampling

To locate EBJ spiny lobsters in their natural habitat and assess shifts in
benthic flora, we acquired quantitative samples of the benthic flora at
both sites once per quarter-year, in September 2001 (nominal autumn),
January 2002 (nominal winter), April 2002 (nominal spring), and June
2002 (nominal summer). At each site, a 2000 m? area was surveyed.
Several 200-m transects running parallel to the shore were made at
<1m, 2-3m, and 4-6 m depth during each sampling. All biological
materials in five quadrats (0.25 m?) were randomly sampled along each
transect, yielding a total sample surface area of 3.75m? at each site
per sampling time. All vegetation with a quadrat was collected by hand,
and placed in 1-mm? mesh bags. After collection, the biomass sample
was placed in labelled plastic bags and preserved with a 10% formalin
seawater solution. The geographic position of quadrats was recorded
with a GPS unit. Seawater temperatures were recorded every hour from
September 2001 to September 2002. Measurements were taken at a
depth of 3 m with a continuous recording thermograph (Hobo-Temp,
Onset Computer Corporation, Cape Cod, MA), ~200 m from the shore.
The nominal seasonal variability was determined by the average of the
daily temperature for that quarter-year (nominal season).

114°40'

Location of field sites in Baja California Sur, México.

In the laboratory, we separated floral species and searched for
juvenile P interruptus among the vegetation. The wet weights of the
dominant floral (seagrass and macroalgae) species were determined
using an electronic balance (0.1 g), and carapace length (CL, base
of the supraorbital spines to the posterior edge of the carapace) of juve-
nile lobsters was measured using a calliper (£0.1 mm). We identified
the most conspicuous floral species in the samples using description
keys of species of the region (Dawson 1951; Mason 1957; Abbot
and Hollenberg 1976; Phillips 1979; Hickman 1993; Ramirez-Garcia
et al. 1998, 2002). Taxonomic identification of surfgrass was con-
firmed (P. Ramirez-Garcia, National Herbarium, Universidad Nacional
Autéonoma de México, personal communication).

Habitat selection experiments

Laboratory experiments to test EBJ lobster habitat preference were per-
formed in September 2002 and 2003 within circular tanks (150 cm
diameter, 80 cm deep) that were supplied with filtered seawater with
opened flow and constant aeration. A total of 179 early benthic juvenile
lobsters were obtained from artificial collectors and from collections
that we made within natural habitat, ranging from 6.6 to 29.6 mm CL.

Natural substratum selection by EBJ California spiny lobsters

We tested EBJ preference for Macrocystis pyrifera, Phyllospadix
scouleri, Plocamium pacificum, and Gelidium robustum because:
(7) these plants are abundant in the study area; and (2) other authors
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1. Plocamium, 2. Gelidium, 3. Macrocystis and 4. Phyllospadix

Fig. 2. Diagram showing (a) method for constraining vegetation in
the tanks and () position of each vegetation type in experimental tanks
where habitat selection of early benthic juvenile California spiny lobster
Panulirus interruptus was tested.

had implicated these genera as critical components of juvenile Califor-
nia spiny lobster nursery habitat (Parker 1972; Serfling and Ford 1975).
Divers at the Arvin location, using SCUBA collected the macrophytic
test substrata. In the laboratory, the substrata were washed under moder-
ate pressure with filtered seawater and then shaken to eliminate epifauna
that could serve as food and modify the preference for structural features
of the natural substrata (Marx and Herrnkind 19855). To standardise the
size of the substratum, vegetation was constrained within a 15-cm diam-
eter PVC pipe and in the case of surfgrass Phyllospadix, the leaves were
also held together with a galvanised thread to better mimic its true form
(Fig. 2a).

In each tank, the four substrata were simultaneously offered as set-
tlement habitat as multiple-choice trials. To avoid any positional bias,
each substratum, was repositioned after each trial, within each tank
(n =90) (Fig. 2b). We also added an equal portion of crushed gas-
tropods (i.e. 2 g of Tegula spp.), an abundant community member at
the site, to equalise the available food in each substratum. To initiate a
trial, one juvenile lobster was released in the centre of the tank. During
daylight hours on the following day, each substratum was isolated within
an acrylic enclosure and covered with a net. The substrate was then care-
fully extracted from the reservoir to reduce disturbance to the juveniles
that may have selected another refuge location. Each substratum was
checked, and when the specimen was found, its CL was measured and
recorded.

Substratum selection by EBJ California spiny lobsters
affected by odour signal

To determine if juveniles preferred substrata based on odours, a sim-
ilar trial was conducted with artificial substrata supplied with different
natural odour cues (n = 99). We used the same synthetic rope fibre used
in GUSI and Phillips artificial collectors design for postlarvae (Phillips
and Booth 1994; Guzman del Proo et al. 1996; Vega et al. 2000). We
made a clump of'this fibre similar to the way we prepared the natural sub-
strata (Fig. 2b) and to each clump, we added 10 g of natural substratum
to generate an odour signal.

Statistical analysis

We used a non-parametric Kruskal-Wallis (K—W) analysis to assess
if there were significant differences in mean biomass of the principal
macrophytes among sample periods because the raw data did not meet
the assumptions of ANOVA (i.e. homogeneity of variances and nor-
mality). To test for significant differences in sea bottom temperature
between sites and sample periods, we used Student’s t-test. We also
used a ¥ 2-square goodness-of-fit test comparing the observed numbers
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of juveniles of various sizes to the expected number in each size class
among sites and sample periods.

For the behaviour experiments, we used a 1-factor model I ANOVA
to determine if there were significant differences in the size of juvenile
lobsters that selected specific natural substrata, and to determinate if
choice of substrate was affected by odour. A y2-square goodness-of-
fit test was used to determine if choice of habitat differed significantly
among the habitats (Sokal and Rohlf 1981).

Results

Field site characteristics

At the Queen site at Bahia Sebastian Vizcaino, the bottom
slopes gradually towards the continental shelf; the seafloor
near the coastline is composed of a series of overlapping, thin,
but large angular rocks arranged in a step-like arrangement. In
the spaces between the angular blocks, fine sediments accu-
mulate and provide a substrate for the flora. At this site, the
dominant species is the surfgrass Phyllospadix torreyi, con-
tributing ~80% of the biomass in the year of the survey. This
is followed by Padina caulescens (7%) and Sargassum agard-
hianum (4%). The biomass varied between 1.6 and 3.3 kg m 2
for P torreyi, 0.001 and 0.6 kg m~2 for P, caulescens, and 0.01
and 0.3 kgm~2 for S. agardhianum. The biomass was signif-
icantly different among the nominal seasons for P forreyi
(K=W =15.4: df =3, 56: P <0.05), and for P caulescens
(K-W =14.4: df =3, 29: P<0.05). In the three strata,
P, torreyi was the dominant species.

The Arvin site at Bahia Tortugas is well protected from cur-
rents and wind. The near shore bottom is rocky, but becomes
more silted with depth. From the shore to moderate depths,
fine sediment is a matrix interspersed with rounded boulders,
cobbles, and gravel. Two species, surfgrass P scouleri (39%
of the total biomass during the year) and seagrass Zoost-
era marina (17%) and two brown algae, Sargassum muticum
(34%) and Macrocystis pyrifera (6%) were the dominant
species. Their biomass ranged between 2.2 and 3.2 kg m2 for
P scouleri; 1 and 1.5kgm~2 for Z. marina; 0.2 and 7 kg m~>
for S. muticum, and 0.03 and 1 kgm~2 for M. pyrifera. The
S. muticum biomass was significantly different among the
nominal seasons (K—W =12.4: df =3, 21: P <0.05), but
this was not the case for the other species. The intertidal stra-
tum, <1 m, was dominated by P. scouleri; the second stratum
by the two species of brown algae, and the third stratum by
Z. marina.

At Queen, the annual mean seawater bottom-temperature
is 19.9°C with a minimum of 16.1°C in July and a maximum
of 26°C in September (Fig. 3a). At Arvin, the annual mean
seawater bottom-temperature was 17.3°C, ranging from a
minimum of 13.3°C (August) to a maximum of 23.1°C
(October). Seasonal mean seawater temperature was sig-
nificantly different between sites (I’ test=—2.8, df =6,
P < 0.05); the Arvin site was cooler than the Queen site, but
the greatest difference between the two sites was during the
summer (Fig. 3a).
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Fig. 3. (a) Seasonal mean sea water temperature (mean £ s.d.) in - -
(Bahia Tortugas) and —o— (Bahia Vizcaino). (b) Seasonal biomass per
m? (mean = s.d.): (Phyllospadix torreyi, Stratum 1, Bahia Vizcaino)
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son of early benthic juvenile (EBJ) California spiny lobster Panulirus
interruptus caught in (Bahia Tortugas) and (Bahia Vizcaino).

Number and size of EBJ spiny lobsters

Of 30 EBJ lobsters found in natural settlement habitats dur-
ing the study, all were found at the base of the blades of
Phyllospadix spp.; 15 EBJ lobsters were found in P. forreyi
at Queen and 15 were found in P. scouleri at Arvin. Most
of these (28) were collected in samples from the intertidal
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Table 1. Size distribution of early benthic juvenile California spiny
lobster Panulirus interruptus at two locations in Baja California Sur,

Mexico

Size class Bahia Vizcaino Bahia Tortugas
(CL, mm) Phyllospadix torreyi Phyllospadix scouleri

Frequency Zone Frequency Zone

(m) IT ST () IT ST

67 4 3 1 5 5 -
89 4 3 1 7 7 -
10-11 5 5 - 2 2 -
12-13 2 2 - - - -
>14-<22 - - - 1 1 -
Total 15 13 2 15 15 -

Dwelling resource and zone (of capture): IT =intertidal, ST = subtidal,
CL = carapace length.

beds of Phyllospadix spp. (<1m depth) and the others
from subtidal beds of Phyllospadix at Queen (2—3 m depth)
(Table 1). The intertidal biomass of P, torreyi varied between
1.7 and 3.1 kgm~2 and from 7.3 to 9.5 kg m~2 for P, scouleri
(Fig. 3b).

The mean carapace length of EBJ lobsters did not dif-
fer significantly between sites (x> =5.2, df =4, P> 0.05):
9.8 mm (range: 7-13.7 mm) at Queen and 9.3 mm (range:
6.6-21.3 mm) at Arvin (Table 1). At both sites, most EBJ
lobsters were found during the nominal autumn sampling
(September) and no EBJ lobsters were found in the sur-
vey during nominal winter (x> =53.7, df =3, P <0.005)
(Fig. 3c¢). Across all three depth strata, EBJ density was
estimated to range between 0 and 3.7 individuals per m?.
However, if we use only the intertidal samples (Stratum 1),
where most EBJ lobsters were found, the density varied from
0 to 11.2 individuals per m> (Table 2).

Habitat selection experiments

Lobster size had no effect on substrate selection (Table 3).
Gelidium robustum was preferred (61.1%) over the three
other available substrates (x>=70.8, df =3, P <0.001)
(Table 4). When the effect of habitat architecture was con-
trolled, EBJ were drawn more to the odour of P scouleri
(x> =12.6, df =3, P < 0.005) than the other three substrata
(Table 4). Again, choice of habitat based on odour was
unaffected by lobster size (Table 3).

Discussion

The dominant vegetated habitats available to EBJ lobsters dif-
fered appreciably between the field sites used in the present
study and included various seagrasses and macroalgae. Some
of these macrophytes have been described as being possi-
ble nursery habitats for EBJ lobsters, including: Sargassum,
Plocamium, unidentified corallines, Phyllospadix beds, and
low-lying red algae (Parker 1972). However, the EBJ lobsters
(6.6 to 21.3 mm CL) that we recovered from the field were
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Table 2. Density of early benthic juvenile California spiny lobster Panulirus interruptus caught at
two sites along the Baja California Peninsula coast

Season Bahia Tortugas Bahia Vizcaino
Phyllospadix scouleri Phyllospadix torreyi
Frequency Density Frequency Density Total
() TAA B () TA I
(indm=2)  (indm~2) (indm=2)  (indm~2)

Autumn 10 2.7 8 14 3.7 11.2 24
Winter 0 0 0 0 0 0 0
Spring 4 1.1 32 0 0 4
Summer 1 0.3 0.8 1 0.3 0.8 2
Total 15 15 30

ATotal benthic area sampled by season (TA = 3.75 m?). BArea within intertidal stratum sampled (I = 1.25 m?).

Table 3. Selection of vegetation feature of habitat by early benthic
juvenile California spiny Panulirus interruptus
Results of ANOVA among sizes that select any of the substrata by
natural or odour signal

Substrata Natural Odour signal

n CL (mm) n CL (mm)

Mean =+ s.d. Mean =+ s.d.

Gelidium robustum 55 129+£5.9 25 155+£1.1
Phyllospadix scouleri 22 10.9+4.5 39 13.9+£5.5
Plocamium pacificum 10 10.5+3.0 19 14.8£4.9
Macrocystis pyrifera 3 10.6 +3.6 16 13.0+£1.3
F 1.128 0.8622
df 3/86 3/95
P 0.342 0.464

CL = carapace length.

Table4. Resume of substratum selection by early benthic juveniles
Panulirus interruptus both experiments type

Substrata to be selected (Natural) (Odour signal)
Gelidium robustum 55 25
Phyllospadix scouleri 22 39
Plocamium pacificum 10 19
Macrocystis pyrifera 3 16
Total 90 99
¥x2=70.8, x2=12.6,
df =3, P <0.001 df =3, P <0.005

found almost exclusively (93%) at the base of the blades of
Phyllospadix spp. in the intertidal zone, despite the abun-
dance of the other macrophytes as habitat. Although P, forreyi
was distributed from the intertidal to the subtidal zones (0 to
6m) at Queen, EBJ lobsters were present only in samples
from 0 to 3 m. The use of intertidal habitat by EBJ lobsters
has been described for other lobster species, for example,
J. edwardsii (Booth et al. 1991) in New Zealand, Homarus
gammarus in Europe (Linnane et al. 2000a, 20000), and
in H. americanus in Canada (Cowan 1999; Sainte-Marie
and Chabot 2002). Along the east coast of North America,

juvenile H. americanus are voracious predators of mussels
(Sainte-Marie and Chabot 2002). In fact, adult California
spiny lobsters have been described as keystone predator on
wave-exposed sites, intertidal zones where they can alter ses-
sile community assemblages by preying on competitively
dominant juvenile mussels (Mytilus californianus and M. gal-
loprovincialis) (Robles et al. 1990; Robles and Robb 1993;
Robles 1997).

We estimated the natural density of EBJ P interruptus
to be between 0 and 3.7 individuals per m? if one consid-
ers the entire depth spectrum that we sample, and between 0
and 11.2 individuals per m? if only samples from the inter-
tidal zone are considered. These densities are higher than
those reported in studies conducted near the species’ north-
ern limit (1 m~2) (Parker 1972), and considerably higher than
EBJ densities estimated for other species: as in P argus,
between 0.01 and 2.5 individuals per m> (Marx and Her-
rnkind 1985a; Forcucci et al. 1994; Acosta and Butler 1997,
Butler and Herrnkind 1997; Briones-Fourzan and Lozano-
Alvarez 2001); in P ornatus, 0.01 m~2 (Dennis ef al. 1997);
in P cygnus, 0.1-1.7 m~? (Jernakoff 1990); in J. edwardsii,
2.2m~2 (Butler et al. 1999); and in P japonicus, 0.21—
0.32m~2 (Norman et al. 1994). The highest density that we
observed was in September, which is consistent with other
studies that suggests that P interruptus has a well defined
seasonal settlement peak. In Bahia Tortugas, Guzman del
Proo et al. (1996) and Vega et al. (2003) have reported that
settlement of P interruptus peaks in autumn, although set-
tlement on artificial collectors occurs year-round. Serfling
and Ford (1975) also reported the highest catch of P inter-
ruptus postlarvae on floating traps filled with Phyllospadix
and red algae during this season. Engle (1979) caught greater
numbers of EBJ lobsters using night light traps in Septem-
ber, which coincides with the time of the year for settlement
reported by Ayala-Martinez and Chavez (1985).

We employed a different design in our habitat selection
experiments that permit us to test four substrata simulta-
neously, rather than two substrata at a time, as did Parker
(1972) and Engle (1979). However, our observations are
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in agreement with the findings of those authors. The juve-
nile lobsters preferred Phyllospadix and red algae Gelidium
to Macrocystis and Plocamium, but showed no preference
between Phyllospadix and red alga Gelidium. In our exten-
sive field explorations, we did not find EBJ P interruptus
in Gelidium or Plocamium, although fisherman collecting
macroalgae for sale say that they some time do. Gelidium
was overwhelmingly preferred in the experiment with natu-
ral substrata, while Phyllospadix was moderately preferred in
the experiment with odour-seeded artificial substrata. Odour
reception as a potential mechanism of orientation during the
habitat selection process at settlement has been determined
in postlavae of H. americanus (Boudreau et al. 1993). In
P argus, experimental behaviour studies have shown that,
whereas postlarvae use algal architecture as a cue for set-
tlement, juveniles use architecture and food abundance for
selecting habitat (Herrnkind and Butler 1986).

There are a few plausible explanations for the observation
that EBJ P, interruptus show no preference between these two
substrates (Phyllospadix and Gelidium) in the laboratory, yet
were found dwelling almost exclusively within Phyllospadix
in the field. It is possible that settlement or ‘choice’ for these
substrates is similar in nature, but mortality may be lower for
individuals choosing the cover of Phyllospadix, particularly
when it occurs intertidally or in the shallow subtidal zone.
Phyllospadix spp. occurs along the full distributional range of
P, interruptus, but it does not occur with Gelidium robustum,
whose distribution is patchy, occurring on points or rocky
keys as far south as Punta Prieta, in southern Baja California
(Casas-Valdez and Hernandez-Guerrero 1996). Evolution-
ary maintenance of choice for Gelidium under such negative
selection may be balanced by the fact that Gelidium can be
locally more abundant at rocky sites where Phyllospadix is
absent, offering better protection in those habitats than other
available substrates. Alternatively, one could argue that our
recovery of EBJ P interruptus was more effective in Phyl-
lospadix than in Gelidium, thus giving the false impression
of density differences. Although possible, we removed all the
vegetation from within all of the quadrats we sampled and
thoroughly searched this material in the laboratory to avoid
field-based bias in detection. Therefore, we believe that the
most parsimonious explanation for our results is the ‘multiple
cue’ hypothesis described above.

Other decapod crustaceans with broad geographic distri-
butions are known to respond to multiple cues in their search
for coastal nursery habitats that vary locally in environmental
features. Perhaps the best studied of these is the blue crab,
Callinectes sapidus, which occurs along the east and Gulf
coasts of the United States. Depending on the local condi-
tions, that species responds to temperature, salinity, pressure,
or odour cues during selective tidal stream transport up estu-
aries to find nursery habitat (Forward and Tankersley 2001).
Response to such a broad range of nursery habitat cues has
not been tested for spiny lobsters, although the postlarvae of
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at least one species (P, argus) are known to respond differen-
tially to offshore v. inshore water masses, seawater of different
salinity, and seawater conditioned with different types of
coastal vegetation (e.g. seagrass v. red macroalga) (Goldstein
2005). Similar studies on P, interruptus and other species are
needed to assess the generality of these behaviours. Studies
that compare behavioural responses among species that vary
in geographic range or settlement habitat variability may be
particularly revealing.

Phyllospadix spp. beds in the lower intertidal zone, as
habitat of EBJ Panulirus interruptus on the Pacific coast of
Baja California Sur, Mexico, is instructive and complements
the available ecological information of the species. Juvenile
assessments need to be done to understand the use of intertidal
habitat at this lobster stage. For economic considerations, as
well as basic ecological value, our findings serve as a caution-
ary finding related to coastal management. The intertidal zone
is a particularly vulnerable habitat because it is close to the
major anthropogenic impacts from land sources of pollution,
fresh water, and erosion leading to sediment deposition.
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