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ABSTRACT. The settlement of Panulirus in�atus postlarvae in the southeastern Gulf of California was monitored
approximately every week at one location (Puerto Viejo Bay) in Mazatlán Bay, from november 2009 to october 2010.
Each sampling date was assigned to the lunar phase. Modi�ed sandwich collectors were used to capture postlarval
lobsters. Three collectors were used to examine pueruli settlement. A total of 238 P. in�atus pueruli were collected,
which included 40 pueruli (17 %) and 198 post-pueruli (83 %). Settlement was highest using collector number one (140
pueruli), and november 2009 was the month with the greatest total number of animals (121). Signi�cant di�erences
were found with respect to the lunar phase, but the higher settlement in this study occurred during the new moon
phase.
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RESUMEN. El asentamiento de la postlarva de Panulirus in�atus en el sureste del Golfo de California fue revisado

cada semana en una estación de muestreo en la zona denominada Ensenada de Puerto Viejo de la bahía de Mazatlán,

Sinaloa, de noviembre 2009 a octubre 2010. Cada fecha de muestreo fue asignada de acuerdo a la fase lunar. En

este estudio se utilizaron colectores tipo Sandwich modi�cado para capturar las postlarvas de langosta. Tres colectores

fueron usados para examinar el asentamiento de puérulos de langosta. Se colectó un total de 238 organismos de

P. in�atus, 40 puérulos (17 %) y 198 postpuérulos (83 %). El mayor asentamiento fue en el colector número uno

(140 puérulos) y el mes de noviembre fue cuando se obtuvo la mayor cantidad de organismos (121). Se encontraron

diferencias signi�cativas entre las postlarvas y fase lunar, pero los mayores asentamientos ocurrieron en la fase de Luna

nueva.

Palabras clave: Golfo de California, Panulirus in�atus, asentamiento de puérulos, colector sandwich modi�cado.

INTRODUCTION

The lobster �shery in Mexico is important in
crustacean exploitation. Lobsters are mainly impor-
tant from an economic standpoint as they are high-
revenue marine products. Seven species of spiny
lobsters are found in Mexico, although only four are
of commercial importance. Panulirus interruptus

(Randall 1840), Panulirus in�atus (Bouvier 1895)
and Panulirus gracilis (Streets 1871) are caught
mainly along the Mexican Paci�c coast, whereas

Panulirus argus (Latreille 1804) is caught in the
Caribbean Sea (Pérez-González et al. 1992). The
benthic existence of spiny lobsters is preceded by an
extraordinarily long (up to 11 months) oceanic lar-
val phase. The oceanic phase is followed by a brief
(few weeks) stint in a fast-swimming, non-feeding
postlarval phase, which links the o�shore life cycle
to its inshore, benthic component. The postlarvae
of some species settle in crevices, others in architec-
turally complex vegetation (Butler et al. 2007).

The puerulus is the postlarval stage of spiny
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Figure 1. Design of the modi�ed seaweed-type collector used to sample pueruli on the
coast of Mexico in Mazatlán Bay, Gulf of California.

lobsters, which resembles the adult lobster, but the
body is completely transparent. Settlement refers
to the moment when the puerulus ceases any further
forward swimming and becomes benthic or colonizes
a collector. Attracting devices commonly referred
to as collectors have usually been used to capture
pueruli. Collectors are typically grouped into two
categories: those that imitate seagrasses or algae,
commonly referred to as seaweed-type collectors,
and those that simulate holes and crevices, known
as crevice-type collectors (Phillips and Booth 1994).
Both types of collectors have given a good rela-
tive measure of the number of pueruli in an area
(Witham et al. 1968, Phillips 1972, Montgomery
and Craig 1997) and also have been used to pre-
dict the level of catch of spiny lobsters in future
years. The aim of this study was to investigate
lobster postlarval settlement in the coastal waters
of Mazatlan Bay, Sinaloa, Mexico, using a modi-
�ed version of the seaweed-type collector previously
described.

MATERIALS AND METHODS

The Bay of Mazatlán is located in the south-
eastern part of the Gulf of California between 23◦

12' 32� N and 106◦ 25' 33" W. From november 2009
to october 2010, we established one sampling sta-

tion (Puerto Viejo Bay) with three collectors parallel
to the coastline. Each collector was anchored at a
depth of ∼1 m in water ∼2 m deep over a rocky and
sandy bottom substrate with surrounding macroal-
gae (Padina durvillaei and Ulva lactuca) in the area
of Puerto Viejo Bay. The collectors were set with
a minimum spacing of 20 m between individual
collectors. Sampling occurred weekly.

The design of the collector used was the
seaweed-type collector modi�ed as described by
Montgomery and Craig (1997). The collector has
as its frame two halves of an oyster culture collector
(Nestier box) tied by a plastic thong. The collectors
were set attached to concrete weights (30 or 33 cm
in radius, concrete-�lled car tire, 35 kg in weight)
linked along the sea �oor by 3 m of synthetic rope-
a total of 12 tassels of a synthetic �ber (�lastica)
commonly used in the manufacture of defenses for
shrimp trawling nets. The tassels were attached
to the outer face of each half (Figure 1). During
collection, each half of the seaweed-type collector
was taken from the frame and shaken 30 times into a
170 L container, and the catch obtained was passed
through a mesh sieve. All pueruli were counted and
staged. For this study we de�ned the puerulus stage
as those organisms that were transparent with a
smooth carapace, whereas the postpuerulus stage
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was de�ned as those organisms that were brown
in color with spines on the carapace (Lewis et al.
1952). The postlarvae were recorded and returned
to the sea far from the collectors to avoid recolo-
nization. During each sampling, the subsurface sea
water temperature was recorded.

Weekly catch data were pooled to obtain the
data by month. The catch per unit e�ort (CPUE)
was determined by dividing the catch of P. in�atus
postlarvae by the number of collectors examined
per month. A Chi-square test was performed to
evaluate the di�erences among the monthly catches.
We applied this same test to compare the postlar-
val abundance and lunar periodicity. The e�ect of
the location of each collector on the settlement of
lobster postlarvae was analyzed by means of a Chi-
square test (Zar 1999). The Statistica program was
used in the di�erent tests with a signi�cance level
of a = 0.05.

RESULTS AND DISCUSSION

The seasonal variation in subsurface water
temperature ranged from 24.8◦C to 32.9◦C. The
temperature increased from may to august and be-
gan decreasing from september to november. An-
nual lows occurred in april-may and highs in august.
A total of 238 postlarvae were collected, which in-
cluded 40 pueruli (17 %) and 198 postpueruli (83
%). Although some settlement occurred through-
out the year, except in august when the collec-
tion was nil, the main peak was during november
2009 (121 pueruli) with a smaller peak (32 pueruli)
in february 2010 (Figure 2). The Chi-square test
showed signi�cant di�erences among the monthly
catches throughout the annual cycle (p < 0.05).

Settlement occurred primarily during the new
moon (98 specimens), followed by the third-quarter
(70 postlarvae), �rst-quarter (45 organisms) and full
moons (23 specimens) (Figure 3). The postlarval
catch di�ered signi�cantly among the lunar phases
(Chi-square test, p < 0.05). Settlement was highest
for collector number one. Over the sampling pe-
riod, 130 pueruli settled on this collector. The next
highest settlement was on collector numbers two

and three with 50 and 58 postlarvae, respectively
(Figure 4). The Chi-square tests indicate that only
the catches in collector number one were signi�-
cantly di�erent (p < 0.05).

A total of 238 postlarvae were caught during
the study period. The CPUE showed a descending
pattern during the 12 months of this study; the
catch ranged from 12.1 (November 2009) to 0
(August 2010) pueruli/collector/month (Table 1).
However, the maximum in march (17.0 CPUE)
corresponds to the examination of only one collector
because the remaining collectors were lost and could
not be replaced until may. The overall CPUE during
the study period was 4.2 pueruli/collector/month.
The collector used in this study was a modi�ed ver-
sion of a design described by Montgomery and Craig
(1997). The results from this study suggest that this
new collector design was useful in measuring the set-
tlement rate of Panulirus in�atus postlarvae, 238 of
which were caught during the study period. Pérez-
González (2016) collected a total of 37 pueruli (nine
pueruli and 28 postpueruli) using the GuSi seaweed
collector in the same area. Brie�y, the GuSi collec-
tor (Gutierrez-Carbonell et al. 1992) consists of a
20 L plastic bucket covered by �lastica. Once the
collector is assembled, it simulates a seaweed habi-
tat. Probably the fact that few pueruli were caught
by Pérez-González can be associated with the de-
sign and ine�ciency of this collector. According to
morphological observations made on some of the
postlarvae, the postpuerulus stage corresponded to
Panulirus in�atus because the distinctive features
of the organisms presented were appropriate to that
species.

Settlement of pueruli occurred throughout
the year, with peaks in autumn (November) and
winter (February). When temperatures were highest
(August), settlement was insigni�cant. Caballero-
Fuentes and Torres-Zepeda (2008) reviewed the
spatial and temporal variation of the catches of
Panulirus in�atus puerulus larvae in di�erent areas
of Acapulco Bay; the observed peak in november
in our study coincides with the temporal pattern
described by these authors.
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Figure 2. Monthly number of Panulirus in�atus pueruli and postpueruli caught in the
modi�ed seaweed-type collector. Di�erent letters above the bars denote signi�cant dif-
ferences between the monthly catches of postlarvae (Chi-square test, p < 0.05)..

Figure 3. Catches of Panulirus in�atus postlarvae as a function of moon phase. Di�erent
letters above the bars denote signi�cant di�erences between the number of postlarvae
and the moon phases (Chi-square test, p < 0.05).

Although signi�cant di�erences were found in
the catches of postlarvae according to the moon

phase, the highest captures were obtained during
the new moon, followed by third and �rst quar-
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Figure 4. Catches of Panulirus in�atus postlarvae by collector. Di�erent letters above
the bars denote signi�cant di�erences between the captures per collector (Chi-square test,
p < 0.05).

Table 1.Total pueruli, total number of collectors examined per month and
catch per unit e�ort per month (CPUE).

Month Total Number of examinations per month CPUE
caught

November 2009 121 10 12.1
December 21 6 3.5
January 2010 9 3 3.0
February 32 8 4.0
March 17 1 17.0
April 2 1 2.0
May 6 4 1.5
June 6 5 1.2
July 3 2 1.5
August 0 2 0.0
September 10 3 3.3
October 11 12 0.9
Overall 238 57 4.2

ters. This was also reported for other species
such as P. argus (Little and Milano 1980, Marx
and Herrnkind 1985, Monterrosa 1991, Briones and
Gutierrez 1992, González and Wehrtmann 2011),
P. cygnus (Phillips 1972, 1975) and P. marginatus

(MacDonald 1986). Caballero-Fuentes and Torres-
Zepeda (2008) reported more P. in�atus postlar-
vae catches during the new moon and �rst quar-
ter phases than during last quarter or full moon,
which is in accordance with the data obtained in the

present study. Darkness will reduce the predation
risk during settlement of the pueruli (which resemble
adults in structure, but are completely transparent),
and other factors such as local current patterns may
in�uence whether recruitment is more pronounced
during the new moon or �rst-quarter moon phase.

Of the three collectors sampled, collector
number one was most subject to the direct in�u-
ences of sea water entering the bay and consistently
caught larger numbers of postlarvae (Figure 4).
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Phillips (1975) suggested that postlarvae may make
use of the incoming water currents to approach the
coastal areas where they would eventually settle.
A similar mechanism could be operating in Puerto
Viejo Bay, thus explaining the large number of post-
larvae in collector 1 and smaller numbers in collec-
tors 2 and 3. However, little information is available
on current patterns in the Bay of Mazatlan, and
longer-term studies on this subject are required.

The CPUE of 4.2 pueruli per collector agrees
with the results (0 to 2.52) for P. interruptus re-
ported by Guzmán del Proo et al. (1996) using the
GuSi collector. Our data are also close to those
reported by González and Wehrtmann (2011), who
found an overall CPUE of 5.63 for P. argus using the
same type of collector. These results are very simi-
lar despite di�erences in the length of the sampling
times (weekly, monthly and fortnightly).The maxi-
mum catch obtained in this study (238 pueruli) may
appear very low compared with the results of other
types of collectors; for instance, 4000 organisms
were caught with the Booth collector (Booth 1989),

and 529 and 1907 pueruli were caught with the GuSi
collector (Briones and Gutierrez 1992, González and
Wehrtmann 2011). However, it should be noted
that the dimensions of each collector are di�erent
and do not necessarily provide the same surface
for settlement. Moreover, the variation is probably
associated with various sampling techniques in dif-
ferent habitats as well as with regional variability.
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