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Resumen.- Se analizó la condición nutricional y el desarrollo gonádico de juveniles y sub-adultos de langosta roja (Panulirus
interruptus) en 2 sitios de la Península de Baja California cercanos geográficamente, pero con condiciones ambientales
contrastantes, el más norteño con condiciones subtropicales y el sureño con condiciones semitempladas. Se estimaron
el índice hepatosomático y el índice refractivo de la sangre, y se cuantificaron las proteínas, lípi dos y carbohidratos del
hepatopáncreas en 62 langostas. Adicionalmente, se comparó el desarrollo gonádico de los organismos en ambos sitios.
El índice hepatosomático y la cuantificación de lípidos mostraron que la condición nutricional de los organismos fue
diferente en cada sitio. Se observó que los índices de condición nutricional son afectados por el desarrollo gonádico
debido al uso de reservas para la maduración de las gónadas. La condición nutricional y el desarroll o gonádico están
fuertemente relacionados con las condiciones ambientales donde se encuentran las langostas, lo cual es información útil
para el manejo de la pesquería de P. interruptus.
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Abstract.-  The nutritional condition of juveniles and subadults of the California spiny lobster (Panulirus interruptus) from
2 sites along the west coast of the Baja California Peninsula, near each other but with contrasting environmental conditions
were compared. The northern site presents subtropical environmental conditions and the southern has semi-temperate.
The hepatosomatic and blood refractive indices and proteins, l ipids, and carbohydrates from the hepa topancreas in 62
lobsters were assayed. Gonad development of the lobsters between the 2 sites was compared. The hepatosomatic index
and lipids of the lobsters at each site were different. The nutritional condition indices are affected by gonad development
tied to the reserves needed for maturation of the gonads. Nutritional condition and gonad development are strongly
related to environmental conditions. This is key to efforts in spiny lobster fishery management.
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INTRODUCTION

The California spiny lobster Panulirus interruptus (J.W.
Randall, 1840) is the most important commercially fished
lobster off the western coast of the Baja California
Peninsula, representing 94% of the lobster fishery in the
region (Vega-Velázquez 2006). This species is distributed
along the Pacific coast from the border with the United
States to Isla Santa Margarita (24.5°N, 111.8°W). In the
region, temperatures vary from subtropical to temperate,
mostly tied to the flow of the California Current (Vega-
Velázquez et al. 1996). Some small lobster populations are
found to the tip of the peninsula and inside of the Gulf of
California (Ayala-Martínez et al. 1988, Fischer et al. 1995).

This species inhabits the intertidal zone to a depth of 150
m (Ayala-Martínez et al. 1988, Vega-Velázquez et al. 1996)
in rocky crevice or rocky-sandy areas, sometimes at the
holdfast of the brown algae Macrocystis spp. (Phillips et
al. 1980, Fischer et al. 1995). It is omnivorous and
opportunistic (Díaz-Arredondo & Guzmán-del-Proó 1995,
Vega-Velázquez et al. 2000, Castañeda-Fernández de Lara
2005). Its diet consists mainly of shellfish and different
seasonally abundant trophic groups (Díaz-Arredondo &
Guzmán-del-Proó 1995, Castañeda-Fernández de Lara
2005a).
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In several lobster species, nutritional condition is an
indicator of the quantity and quality of food they consume
and a survival tactic for increasing reserves for
physiological functioning and growth (Dall 1975,
Robertson et al. 2000, Oliver & MacDiarmid 2001). Quick
measurements of nutritional condition in marine animals
are a useful tool for ecologists because they provide
estimates of individuals inhabiting different environments,
as well as environmental changes (Robertson et al. 2000).
One commonly used quick method is the blood refractive
index (BRI). This index is directly proportional to the amount
of serum proteins in the blood. It is used as a reliable
estimator of nutritional condition, as long as the lobster
molt stage is taken into account (Oliver & MacDiarmid
2001, Ozbay & Riley 2002).

For lobsters along the Baja California Peninsula, there
are few studies of nutritional condition. Díaz-Arredondo
& Guzmán-del-Proó (1995) found lower levels of nutritional
condition during spring and autumn, in the spawning
period. They also found that the reserve index (RI) was
higher in autumn because the lobsters were preparing for
reproductive activity. Based on the hepatosomatic index
(HI), Castañeda-Fernández de Lara et al. (2005a) found
differences in the nutritional condition of juveniles related
to site and season, based on the differences in the food
quality at each site.

In this study, we compared the nutritional condition of
the California spiny lobster by estimating the HI and BRI
at 2 sites that are geographically close, but have
contrasting environmental conditions. The indices were
compared with the assays of lipid, protein, and
carbohydrate content in the hepatopancreas. To
determine if the nutritional indices were related to
reproduction, gonad development was also studied.

MATERIALS AND METHODS

STUDY AREA

Juvenile and subadult California spiny lobster (smaller
than 60 mm cephalothorax length) were caught at 2 sites
on the west coast of the Baja California Peninsula (Fig.
1). Although the sites are close, they have very different
environmental conditions related to coastal current
dynamics. The cove where the fishing camp Arvin
(27°38’59’’N; 114°51’59’’-114°52’17’’W) is located in
Bahía Tortugas. The California Current directly impacts
this site. This cove is largely composed of sea grass
Phyllospadix scouleri (W.J. Hooker, 1838) and eelgrass

Zostera marina (Linnaeus, 1753) and brown seaweed of
temperate affinity [Macrocystis pyrifera (Linneaus) C.
Agardh, 1820, Sargassum muticum (Yendo) Fensholt,
1955, and Cystoseira osmundacea (Turner) Agardh, 1820],
which were previously studied (Castañeda-Fernández de
Lara et al. 2005b, 2010). The cove of the fishing camp
Queen (27°46’33’’-27°46’47’’N; 114°48’00’’-114°38’20’’) is
located in Bahía Sebastian Vizcaino. An anticyclonic eddy
circulation produces a warm water mass inside Bahía
Sebastian Vizcaino (Amador-Buenrostro et al. 1995). The
dominant flora is seagrass Phyllospadix torreyi (S.
Watson, 1879) and some tropical brown algae Padina
spp. and Sargassum agardhianum (Farlow) Agardh, 1889
(Dawson 1952, Castañeda-Fernández de Lara et al. 2005b,
2010).

Figure 1. Study sites along the Pacific coast of the Baja California
Peninsula / Sitios de estudio en la costa occidental de la península
de Baja California
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In May 2004, lobsters were caught in octopus traps
modified with larger entrances. The traps were set in the
afternoon, baited with fish, and collected the following
morning. Three variables were recorded: carapace length
(CL ± 0.1 mm) using a vernier caliper, total weight (TW ±
0.01 g) with a digital scale, and the sex of each lobster.

DISSECTION OF THE HEPATOPANCREAS AND GONAD

From each lobster, the hepatopancreas was removed and
weighed (± 0.1 g HW). The tissues were placed in
Eppendorf tubes inside a vessel of liquid nitrogen for
transport to the laboratory and subsequent biochemical
analysis. Gonads were removed and fixed for 48 h in
modified Davidson’s solution (22% formaldehyde, 33%
ethanol, 11.5% glacial acetic acid, and 33.5% filtered
marine water) (Shaw & Battle 1957) and then placed in
70% alcohol for transport and subsequent histological
analysis.

DETERMINATION OF MOLT STAGE

Two to 3 pleopods from each lobster were removed and
placed in bottles of 10% formaldehyde for further review
in the laboratory. Each specimen was classified as either
premolt, intermolt, and postmolt (Lyle & MacDonald 1983).

NUTRITIONAL CONDITION INDICES

The TW/CL ratio and the hepatosomatic index (HI= (TW
/ DGW) × 100) were used as nutritional condition indices
(Briones-Fourzán et al. 2003, Castañeda-Fernández de
Lara et al. 2005a).

Blood Refractive Index (BRI). Prior to dissection, 1 mL
of blood was withdrawn from the pericardial sinus with a
small syringe. The BRI was read directly from a portable
refractometer (Leica IFT40). The value of the BRI was
compared with a normal curve established with different
concentrations of bovine serum albumin to determine the
level of serum protein (Oliver & MacDiarmid 2001).
Estimates of protein concentration in the blood of the
specimens were calculated from the regression equation
of the standard curve y= 0.0982x, R2= 0.9847, where y=
refractometer, x= amount of protein (Castañeda-Fernández
de Lara et al. 2005a).

BIOCHEMICAL COMPOSITION

The hepatopancreas samples preserved in liquid nitrogen
were lyophilized to standardize the amount of water, then
placed in Eppendorf tubes. We added 0.050 g (± 0.009 g)

to 0.5 mL aliquots of isotonic crustacean solution (450
mM NaCl, 10 mM KCl, 1 mM PMSF) and homogenized
the mixture, followed by adding 1 mL ICS and stirred in a
vortex.

As assay of soluble proteins the modified Bradford
method was utilized (Bradford 1976) and read with a
spectrophotometer at 595 nm. Assay of the carbohydrates
used the modified anthrone method (Roe et al. 1961) and
read at 540 nm in colorimeter plates. Assay of lipids used
the modified vanillin method (Barnes & Blackstock 1973)
and read with a spectrophotometer at 540 nm.

GONAD DEVELOPMENT

The gonads of subadults were sectioned (4 m thick).
Conventional staining with hematoxylin-eosin was applied
to determine the stage of gonad development in males
and females (Sheehan & Hrapchak 1973). Five digital
photographs were taken of each cut and analyzed with
an image analysis system (Image Pro Plus 4.5.19) attached
to an Olympus BX41 compound microscope and digital
camera (Pro CoolSnap) connected to a computer.

The testis and vas deferens of the males were studied,
and the sperm cells were classified according to the stage
of spermatogenesis (spermatogonia, spermatocytes,
spermatids, and spermatozoa) (Shigekawa & Clark 1986).
Males who had spermatids and spermatozoa gonads were
classified as mature (Harley 1984).

In females, substages and stages of oogenesis were
classified by the modified morphological description of
Minagawa & Sano (1997) for Panulirus japonicus (Von
Siebold, 1824), where the oocytes are observed in an
approximately equatorial planar cut of the nucleoplasm.
Five categories of oogenesis and their respective
substages and a stage of oocyte resorption were used:
(1) Multiplication (oogonia), (2) previtellogenesis
(oocytes with early chromatin nucleolus), (3) late primary
vitellogenesis (oocytes with lipid inclusions), (4)
secondary vitellogenesis (oocytes with yolk granules),
(5) maturity (mature oocytes), (6) resorption (atretic
oocytes). The area of oocytes was used to calculate the
theoretical diameter (TD), as described by Saout et al.
(1999), using a standardized measurement based on the
equation for the circumference, as follows:

where, TD is the theoretical diameter and A is the area
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DATA ANALYSIS

Normality of the biological data was tested by the
Kolmogorov-Smirnov test (= 0.20), and the Bartlett for
homogeneity of variances (= 0.05) (Sokal & Rohlf 1998).
Significant differences were estimated with two-way
ANOVA, using independent variables (site and sex) and
dependent variables (TL, CL, TW, HI, BRI, and protein,
carbohydrates and lipids concentrations) (= 0.05). To
find means that were significantly different, we used the
Tukey range test (= 0.05) (Sokal & Rohlf 1998).
Differences in oocyte categories were determined by the
Kruskal-Wallis nonparametric ANOVA (= 0.05), since the
data failed to reach the assumptions of normality and
homogeneity of variances (Sokal & Rohlf 1998). All

analyzes were performed with the program Statistica 6.0
(StatSoft, Tulsa, OK).

RESULTS

Of 62 lobsters, 30 were collected from Queen and 32 from
Arvin; there were 26 females and 36 males. From Queen,
13 were females (11 intermolt, 2 premolt) and 17 were males
(13 intermolt, 4 premolt). From Arvin, 13 were females (10
intermolt, 3 premolt) and 19 were males (15 intermolt, 4
premolt). At Queen, the lobsters were larger (F(1, 54)= 4.36,
P < 0.05) and weighed more (F(1, 54)= 8.35, P< 0.05); there
were no significant differences between sexes, or
interactions between factors (Table 1). The same results
occur with the molt stage.

Table 1. Biometrics and sex of juvenile and subadult
California spiny lobster Panulirus interruptus from 2
sites, including mean, standard error (±), total length
(TL), carapace length (CL), total weight (TW), and
hepatopancreas weight (HW) / Morfometrías y sexo
de juveniles y subadultos de langosta roja Panulirus
interruptus de 2 sitios con media, error estándar (±),
longitud total (TL), longitud del cefalotórax (CL), peso
total (TW) y peso del hepatopáncreas (HW)

Table 2. Nutritional condition indices of
juvenile and subadult California spiny
lobster Panulirus interruptus, including
mean and standard error (±), ratio of
weight to cephalothorax length (TW/CL),
hepatosomatic index (HI), blood refractive
index (BRI), and hepatopancreas content
of proteins, carbohydrates, and lipids /
Índices de condición nutricional de juveniles
y adultos de langosta roja Panulirus interruptus
incluyendo medias y error estándar (±)
relación peso total-longitud del cefalotórax
(TW/CL), índice hepatosomático (HI), índice
refractivo de la sangre (BRI) y cuantificación
de proteínas, carbohidratos y lípidos en el
hepatopáncreas
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Analysis of the nutritional indices indicated significant
differences between sites, including TW/CL ratio (F(1, 54)=
7.92, P < 0.05) (higher at Queen) and the HI (F(1, 54)= 6.46,
P < 0.05 ) (higher at Arvin). Also, the HI was significantly
different between sexes (F(1, 54)= 14.73, P < 0.05). The
hepatopancreas biochemical composition did not have
significant differences between sites. Lipids were
significantly higher in females (227.36 mg g-1) than males
(172.20 mg g-1) (F(1, 54)= 15.61, P < 0.05) (Table 2).

Gonad histological examination was performed on 44
lobsters. The developmental stage of male gonads was
based on the presence of spermatids and spermatozoa
(Fig. 2). Of 13 males from Arvin, 6 were immature and 7
were mature. Of 12 males from Queen, one immature and
11 were matures (Fig. 3).

We defined 8 oocytes types and 5 developmental
stages of oogenesis. There were 2 phases of the
vitellogenesis stage, based on oocyte morphology and
diameter (Table 3, Fig. 4). At Arvin, more ovaries contained
oocytes at vitellogenesis I and, to a lesser extent, at
previtellogenic, vitellogenic II, and oogonia. There were
no fully mature oocytes. At Queen, all 5 oocytes types
were identified, with similar amounts of previtellogenic,
vitellogenic and mature oocytes and, to a lesser extent,
vitellogenic II and oogonia (Fig. 5). At Queen, females
had significantly larger eggs (121.06 ± 23.56) than females
at Arvin (63.60 ± 9.99) (F(1, 472)= 11.21, P < 0.01). The
theoretical diameter increased as oocytes matured from
oogonia stage (13.45 m ± 5.45) to mature oocytes (393.15
m ± 2.97) (Fig. 6).

Figure 2. Hematoxylin-eosin stained section of testes of young male
California spiny lobster Panulirus interruptus: (A) and (B)
spermatogonia (spg). (C) primary and secondary spermatocytes (spt);
spermatids (spd). (D) spermatozoa (sz) with marginal nucleus (n) and
spike (spk) surrounded by acellular spermatophore (a) / Sección de
testicular de machos jóvenes de langosta roja Panulirus interruptus
teñida con hematoxilina-eosina: (A) y (B) espermatogonias (spg).
(C) espermatocitos primarios y secundarios (spt); espermátidas
(spd). (D) espermatozoos (sz) con núcleo marginal (n) y spike (spk)
rodeado por un espermatóforo acelular (a)

Figure 3. Frequency of mature and immature males of California
spiny lobster Panulirus interruptus sampled at Arvin and Queen
on the Pacific coast of the Baja California Peninsula / Frecuencia
de machos maduros en inmaduros de langosta roja P. interruptus
muestreados en Arvin y Queen en la costa Pacífico de la península
de Baja California
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Figure 4. Hematoxylin-eosin stained sections showing stages of oogenesis and oocyte substages in female California spiny lobster Panulirus interruptus.
(A) Multiplication stage, oogonial nest (og), and previtellogenesis stage and early chromatin nucleolus substage (ec). (B) Previtellogenesis stage and late
chromatin nucleolus substage (lc). (C) Vitellogenesis I, (endogenous vitellogenesis) oil globule substage (ogl). (D) Vitellogenesis II (exogenous
vitellogenesis), yolk platelet substage (yp). (E) Maturation stage, mature oocyte (mo). (F) Atresia of yolked oocyte; nucleus (n), nucleolus (nc), follicle cell
(fc), atretic oocyte (ao) / Estadios de la ovogénesis y subestadios de los ovocitos en hembras de P. interruptus. Sección teñida con hematoxilina-
eosina. (A) Estadio de multiplicación, ovogonia (og) y previtelogénesis, nucléolo cromatina temprana (ec). (B) Previtelogénesis, nucléolo cromatina
tardía (lc). (C) Vitelogénesis I (vitelogénesis endógena) gotas lipídicas (ogl). (D) Vitelogénesis II (vitelogénesis exógena), gránulo de vitelo (yp). (E)
Maduración, ovocito maduro (mo). (F) Atresia en ovocito con vitelo; núcleo (n), nucléolo (nc), células foliculares (fc), ovocito atrésico (ao)

Table 3. Developmental stages of oogenesis in female California
spiny lobster Panulirus interruptus including mean and standard
error (±) theorical diameter of oocytes types. / Estadios del
desarrollo ovogénico en hembras de langosta roja Panul irus
interruptus incluyendo medias y error estándar (±) del diámetro
teórico de los diferentes tipos de ovocitos

DISCUSSION

On the west coast of the Baja California Peninsula, juvenile
and subadult California spiny lobsters Panulirus
interruptus collected at 2 fishing camps differed in
nutritional condition and gonad development. The
average cephalothorax length and total weight of lobsters
from Arvin was lower than lobsters from Queen. This is
consistent with advanced gonad development and higher
total weight of lobsters from Queen.

Differences in nutritional condition and gonad
development of lobsters from the 2 sites are related to
water temperature. On average, Queen (19.9°C) is warmer
than Arvin (17.3°C) (Castañeda-Fernandez de Lara et al.



267Vol. 50, Nº 2, 2015
Revista de Biología Marina y Oceanografía

2005b). Faster gonad development has been found in
Panulirus ornatus (Fabricius, 1798) under laboratory
conditions (Sachlikidis et al. 2005). The higher water
temperature at Queen (2.6°C) leads to larger lobsters
because the duration of the intermolt is shorter (Thomas
et al. 2000, Hazell et al. 2001). Additional variables may
include favorable environment conditions, such as more
dense and more nutritional food (Leocádio & Cruz 2008).

Even though proteins, carbohydrates, and lipids did
not have significant differences between sites, the HI
indicates that lobsters at Arvin had a better nutritional
condition. Carbohydrate content has no important effect
on nutritional condition (Simon & Jeffs 2011). With rapid
growth of juveniles, changes in proteins are better
reflected, in integument tissue than in the hepatopancreas
because it forms a principal component of the exoskeleton
(Travis 1955). Like weight, nutritional condition may be
related to gonad development. In female lobsters, lipids
are transported from the hepatopancreas to the ovaries
during vitellogenesis (Sánchez-Paz et al. 2006), which
explains why the hepatopancreas from lobsters from Arvin
had higher HI.

Castañeda-Fernández de Lara et al. (2005a) found that
juveniles from Arvin have higher nutritional condition
than lobsters from Queen in autumn 2001 and winter 2002,
and nutritional condition of lobsters from Arvin was
lowest during spring and summer 2002. In our study,
lobsters from Arvin had higher nutritional condition in
spring 2004. This is related to differences in gonad
development between the 2 sites, as mentioned above.
Briones-Fourzán et al. (2003) reported that the nutritional

condition in subadults is less than in juveniles. This is
caused by the energy requirements at the beginning of
the reproductive cycle, when sugars, lipids and
lipoproteins are transported from the hepatopancreas to
the ovary. This has been documented for crabs, shrimp,
freshwater crayfish, and lobsters (Aiken & Waddy 1980,
Sánchez-Paz et al. 2006, Ferré et al. 2012).

Mature lobsters were smaller at maturity (72.6 mm CL)
than lobsters in the study of Vega-Velázquez (2003) at the
same area. At Punta Malarrimo (near Queen), Tapia-
Vázquez & Castro-González (2000) reported that lobsters
at first spawning were in the range of 57-82 mm CL.
Lobsters from Queen had more advanced stages of gonad
development than lobsters from Arvin for the same size
(Pineda-Barrera et al. 1981), and fertility along the Pacific
coast of the Baja California Peninsula increases from north
to south; Punta Malarrimo (near Queen) has the highest
fertility throughout the peninsula (Pineda-Barrera et al.
1981). There are several hypotheses why there are
latitudinal differences in the size at maturation of
crustaceans, such as density and exploitation (Melville-
Smith & de-Lestang 2006), but the most widely accepted
hypothesis is that warmer waters favor faster maturity in
smaller crustaceans (Aiken & Waddy 1980, Phillips et al.
1980).

The difference in gonad maturation in lobsters of the
same size is influenced by temperature (Hunt & Lyons
1986, Thomas et al. 2000, Hazell et al. 2001). Hence, the
2.6°C higher temperature at Queen may cause faster
development of gonads. The ecological model that
exemplifies these differences can be observed in

Figure 5. Frequency of oogenesis stages in female California spiny
lobster Panulirus interruptus sampled at Arvin and Queen  /
Frecuencia de los estadios ovogénicos en hembras de Panulirus
interruptus muestreados en Arvin y Queen

Figure 6. Oocytes diameter at different stages of oogenesis in
female California spiny lobster Panulirus interruptus sampled at
Arvin and Queen / Frecuencia del diámetro de los ovocitos en
diferentes estadios ovogénicos en hembras de Panulirus
interruptus capturados en Arvin y Queen
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ectothermic species (Van der Have 2008). Also, differences
in the gonad development may reflect the preference of
juveniles at Arvin for sea grass and eelgrass (Castañeda-
Fernández de Lara 2005b). There may also be found
differences at genetic level caused by isolation of the
sites, related to the anticyclone gyre at Bahía Sebatían
Vizcaíno, as was shown in the European spiny lobster
Palinurus elephas (Fabricius, 1787) (Palero et al. 2011).
These potential causes will require more studies. Finally,
with increasing climate change, environmental conditions
should be considered in management programs to avoid
capture of lobsters at first maturity or in less than optimal
nutritional condition to maintain stocks at optimal
sustainability.
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