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Mouso-Batista et al. 2019). Caibarien fishing region, in the 
central sector of the Sabana-Camagüey Archipelago (SCA), 
is considered the most anthropized area of Cuba (Baisre 
1985; Lopeztegui-Castillo et al. 2021b), therefore biological 
communities are susceptible to several factors. The deterio-
ration of benthic communities in this region may imply low 
water quality (García-García et al. 2008; Montalvo-Estévez 
et al. 2008; Álamo et al. 2013), and a decreased food avail-
ability, affecting the abundance, distribution, and physiol-
ogy of lobsters.

Tourism development in the SCA has generated conflicts 
of interest and different levels of stress in the underwater 
platform and the keys, which adding to the effects of climate 
change have decreased biodiversity (Alcolado et al. 1999, 
2007). Among natural environmental factors affecting this 
region extreme meteorological events like hurricanes have 
been mentioned (Fernández-Vila and Chirino-Núñez 1993; 
Betanzos-Vega et al. 2013). The SCA has been impacted 
directly or indirectly by 14 intensive hurricanes between 
2001 and 2016, although the greatest and most recent 
impact was caused by Hurricane Irma, in September 2017 

Introduction

The environmental influence on physiology of the spiny 
lobster Panulirus argus (Latreille 1804), in the natural 
habitat, is a topic little addressed around the world and 
not previously studied in Cuba, where coastal zones and 
marine ecosystems have been greatly impacted by natu-
ral and anthropogenic disturbances (González-Díaz 2015; 
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Abstract
Environmental influence on lobster’s physiology is a topic little addressed around the world. We determined the impact 
of biotic (food availability) and abiotic (temperature, salinity, and dissolved oxygen) environmental factors on nutritional 
condition of Panulirus argus (Latreille, 1804) from the Caibarien fishing region, Cuba. Eleven sites were sampled from 
2010 to 2015, during dry and rainy seasons. Blood Refractive Index (BRI) and Kcl (total weight/carapace length) were 
used as nutritional condition indicators. Benthic food availability index (BFAI) was also determined. BRI and Kcl were 
both correlated with BFAI and varied significantly among sites and years. Salinity showed interannual differences, with 
lowest value in 2013. BFAI gradually increased between 2010 and 2015. Generalized Additive Model (GAM) for Kcl 
was 84.8% deviance explained (R2 = 77.6%), showing an environmental important influence on lobster’s nutritional condi-
tion. “Site”, dissolved oxygen, and BFAI had significant impacts on Kcl. GAM for BRI was 34.6% deviance explained 
(R2 = 25.3%), only salinity significantly impacted lobster’s blood parameters. Environmental influence in lobster’s nutri-
tional condition was multifactorial and included biotic and abiotic variables. Food availability makes vary BRI and Kcl, 
nevertheless, they are both sensitive in different way to environmental factors and should have different interpretation.
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(Fonseca-Rivera et al. 2020; Mitrani-Arenal et al. 2020; 
Lopeztegui-Castillo et al. 2021b).

Among the anthropogenic factors with the greatest influ-
ence, organic pollution, and eutrophication due to agricul-
ture and the lack of waste treatment have been reported 
(Alcolado et al. 1999; Montalvo-Estévez et al. 2013, 2014). 
The destructive effect of trawl nets, the damming of rivers, 
and the construction of hotels and causeways have been also 
mentioned (Alcolado et al. 2007; Martínez-Daranas 2007). 
The naturally limited circulation of marine water and the 
high rate of evaporation, mainly in summer, adding to the 
scarcity of fresh water sources, give rise to high salinity val-
ues (Fernández-Vila and Chirino-Núñez 1993; Betanzos-
Vega et al. 2013). This effect is intensified by the shallow 
depth (Betanzos-Vega et al. 2010, 2015).

Although some studies in this region have addressed 
aspects on relating environmental factors with abundance 
and distribution of marine species (Alcolado et al. 1998, 
2007; Martínez-Daranas et al. 2021), the impact of the envi-
ronmental stress on physiology of benthic organisms, is 
practically unknown. No environmental factors in the SCA 
have been related to lobster’s nutritional condition, which is 
understood as the extent to which organisms have accumu-
lated reserves to allow normal physiological function and 
growth (Moore et al. 2000).

Currently, several methods used to determine the nutri-
tional condition of crustaceans provide evidence that stan-
dardization is needed to make results comparable among the 
increasing number of studies (Lopeztegui-Castillo 2021). 
The advantages and disadvantages of inexpensive and 
wide-ranging indices which could be applied in the field are 
discussed with respect to the blood refractive index (BRI) 
and the effectiveness of the Kcl index (total weight/carapace 
length relationship), remarking their importance as expos-
ers of the actual lobster’s nutritional condition (Lorenzon 
et al. 2011; Lopeztegui-Castillo 2021). Also, a decreased 
nutritional condition could cause declining immunologi-
cal response and reproduction problems, both unfavorable 
effects for resources with a high commercial value. Under-
standing these aspects could help to clarify the effects of 
food availability and the variation of abiotic factors on the 
physiology and behavior of the lobster at any impacted 
region. This study aimed to determine the impact of biotic 
(food availability) and abiotic (temperature, salinity, and 
dissolved oxygen) environmental factors on the nutritional 
condition of spiny lobster Panulirus argus (Latreille 1804) 
from the Caibarien fishing region.

Materials and Methods

Study area and Sampling site’s Location

The SCA extends for 465 km from the central (Punta Hica-
cos) to the east (Bahía Nuevitas) of the northern coast of 
Cuba. It is an area of 10,118 km2, including 2,517 keys 
(60% of Cuban keys), with a total area of 3,400 km2, and 
constitutes a natural barrier between oceanic and inner 
water, which 3 m average depth (Alcolado et al. 2007). In 
the Caibarien, central sector of the SCA, eleven sampling 
sites were established on soft bottom seagrasses, both near 
the platform edge and in inner waters. Average distance 
between adjacent sites was 12 km (Fig. 1).

Recently, an incipient recovery for zoobenthic commu-
nity has been reported in a few places associated with local 
management measures (Lopeztegui-Castillo et al. 2021b). 
However, seagrasses and other marine ecosystems continue 
to be under considerable environmental stress, mainly due 
to coastal pollution, causeways, and the impact of bottom 
trawling nets (Martínez-Daranas et al. 2021).

Benthic food Availability Index

Food availability was estimated considering the relevance of 
benthic mollusks in the trophic spectrum of P. argus (Espi-
nosa et al. 1990; Herrera et al. 1991; Lopeztegui-Castillo et 
al. 2021a; Martínez-Coello et al. 2015, 2022a, b). It was an 
index based on the assessment of the alive, shelled mollusks 
community from the soft bottom’s benthos. Mollusks com-
munities were sampled by dragging sediments with 4 mm 
mesh size of the dragged collector. Benthic Food Availabil-
ity Index methodology, proposed by Lopeztegui-Castillo et 
al. (2021a), was used:

BFAI = log10 (|
√

S ∗ D ∗ B |)

Where S: shell mollusk species number; D (ind/m2): shell 
mollusk density; B (g/m2): shell mollusk biomass.

Nutritional Condition Indices

Lobsters came from commercial catches and were captured 
in artificial shelters (casita), the same shelters used by the 
commercial fishery. Only lobsters having all appendages 
and without external signs of reproduction, molting or 
diseases were considered (Cruz et al. 1990; Cruz 2002). 
Immediately after lobsters were captured, hemolymph was 
extracted from the pericardial sinus using disposable 3 ml 
syringes. Lobsters were then sexed, measured, and weighed. 
Lobster’s total body wet weight was measured with a tech-
nical scale (± 0.1  g). Carapace length was measured with 
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Vernier caliper (± 0.1  mm). The morphometric nutritional 
index Kcl = total weight / carapace length, and the analytic 
BRI (Blood Refractive Index) were determined. A hand-
held Fisher Brix (0–50%) refractometer was used in natural 
environmental conditions for BRI measurements, following 
Lopeztegui-Castillo and Capetillo-Piñar (2021).

Temporal Analysis

Food availability (BFAI), nutritional condition indices (Kcl 
and BRI), and the abiotic variables (temperature, salinity, 
and dissolved oxygen), were determined one month during 
dry season (from November to April) and one month dur-
ing rainy season (from May to October), during 2010, 2011, 
2013 and 2015. Sites 1, 3, 9 and 10 were sampled from 2010 
to 2015, remaining sites were sampled only in 2015.

Data Analysis

Shapiro-Wilks’s test was used to corroborate non-normal 
distribution premises in analyzed variables, so non-para-
metric tests were applied. Abiotic variables (temperature, 
salinity, and dissolved oxygen) and food availability were 
compared among sites and years using the Kruskal-Wallis 
multiple comparison test by ranges. Paired comparisons 
(between dry and rainy seasons) were evaluated by using a 
Mann-Whitney U test. Variations in nutritional indices and 
environmental variables, as well as the relationship between 
them, were analyzed between 2010 and 2015.

Environmental variables correlated to nutritional con-
dition morphophysiological indices were food availability 
(BFAI), temperature (°C), salinity (‰), and dissolved oxy-
gen (mg/L). The abiotic factors were measured by multipa-
rameter Hanna HI–9828 probe, at the dredged sites around. 

Fig. 1  Location of the study zone and the 11 sampling sites in lobster fishing area from Caibarien region, at a central sector of Sabana-Camagüey 
Archipelago
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normality assumption was not met, spatio-temporal varia-
tions of the nutritional condition indices and the environ-
mental variables were established by applying a multiple 
Kruskal-Wallis by ranks test.

Results

Both BRI and Kcl nutritional condition indices varied 
significantly from 2010 to 2015, although no trend was 
observed. During the dry season, lobster nutritional condi-
tion was higher than during the rainy season, however, sig-
nificant differences (p < 0.05) were detected only for BRI. 
Variations among sites were significant for BRI and Kcl, 
usually showing higher values at sites (13–19) located near 
the platform edge (Fig. 2).

Comparison of the annual mean values of abiotic vari-
ables and food availability showed significant variation for 
salinity, with its lowest value in 2013 but without a defined 

Lobsters for nutritional condition determination were caught 
no more than 4  km surrounded such dredged sites. The 
influence of environmental variables (predictor or indepen-
dent variables) on nutritional condition indices (response or 
dependent variables) was quantified by Generalized Addi-
tive Models (GAM), applying a Gamma distribution with a 
logarithmic link function. Spearman correlation coefficient 
between nutritional indices and environmental variables 
was also calculated.

GAMs allow analysis of independent variables with 
non-linear effects on a dependent variable (Venables and 
Dichmont 2004). Sites were also considered as a random 
component (“Site”). The appropriate additive model was 
chosen by visualizing the residuals graph and consider-
ing the Akaike Information Criteria (AICc) (Burnham and 
Anderson 2002). GAMs were run in R 4.1.0 free software 
platform (R Core Team 2021), using mgcv packages (Wood 
2017) for adjusting the model and MuMIn (Barton 2020) to 
estimate AICc. When Shapiro-Wilk test identified that the 

Fig. 2  Spatio–temporal variation 
on lobster’s nutritional condition 
indices, in the fishing region of 
Caibarien, Cuba
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also accentuated by natural factors such as high intensity 
and more frequent hurricanes (Baisre 1985; Alcolado et al. 
2007; Martínez-Daranas et al. 2021). Although multiple 
environmental factors impacting Caibarienʼs biotic commu-
nities have been reported, present results showed that not all 
of them have a significant influence on lobster’s nutritional 
condition. Therefore, it is suggested that the magnitude and 
multifactorial nature of environmental stress can modify the 
impact that each stressor introduces on an organisms’ physi-
ology and behavior. Each new factor that is added to the 
synergy modifies the magnitude in which the others influ-
ence and causes changes to organisms, that modify the way 
in which they respond to the influence of the previous fac-
tors. From this perspective, other factors such as turbidity, 
the levels of night lighting associated with the lunar cycle, 
the abundance of predators, and the degree of primary pro-
duction, could be affecting lobster’s nutritional condition, 
therefore these parameters should be considered in future 
studies.

Differences among sites corroborated that lobster’s nutri-
tional condition was usually lesser at inner sites, where 
environmental impact is greater and food availability is lim-
ited. Those sites were typically near the Cuban coastline, 
receiving industrial wastewater without treatment and other 
solid wastes (Montalvo-Estévez et al. 2008, 2013, 2014). 
Sites at the platform edge, where circulating water, food 
availability and benthic communities are usually favorable 
(Alcolado et al. 1998; Lopeztegui-Castillo et al. 2021a, b; 
Martínez-Daranas et al. 2021), showed the higher values 
of nutritional condition indices. Consequently, lobsters at 
these edge sites could have higher growth rate and sizes, 
according to Buesa (1987), González-Sansón et al. (1991), 
Briones-Fourzán and Lozano-Alvarez (2001), and Lozano-
Alvarez et al. (2002). Also, ontogeny life cycle naturally 
determines larger lobsters’ movements to deeper waters at 
the edge sites (Cruz et al. 1986). Some fishing aspect like 
fishing effort and the number and type of traps and artifi-
cial shelter used, could also influence nutritional condition 
(Baisre 2004; Morales et al. 2013; Butler et al. 2022).

Spatial variation on BRI and Kcl indices suggest a dif-
ferent environmental impact even at a small scale (among 
sites). Consequently, it could be inferred that factors sig-
nificantly affecting lobster’s nutritional condition should 
vary significantly among sites. The anthropic influence 
(Baisre 1985, 2004; Cobas et al. 2015; Martínez-Daranas et 
al. 2021), hurricane incidence (Puga et al. 2013), variation 
of hydroclimatic and oceanographic characteristics (Betan-
zos-Vega et al. 2011, 2013, 2019), and different levels of 
eutrophication and coastal pollution (García-García et al. 
2008; Montalvo-Estévez et al. 2008, 2013, 2014; Álamo et 
al. 2013), could have determined spatial differences in food 
availability, salinity, dissolved oxygen, and other factor not 

trend among years. Food availability gradually increased 
between 2010 and 2015, although significant differences 
were established only between this last year and the previ-
ous ones. Temperature was significantly higher during the 
rainy season while salinity average value was the lowest. 
Dissolved oxygen and food availability did not show differ-
ences between seasons (Fig. 3).

Spearman’s rank correlation coefficient showed a positive 
but low magnitude and no statistically significant relation-
ship between BRI and Kcl. Temperature and salinity did not 
show association with either of the two nutritional condition 
indices, however, food availability had a significant positive 
correlation with both nutritional indices. Dissolved oxygen 
was significantly correlated only with BRI (Table 1).

Food availability was the only environmental variable 
whose spatial variation was significant, showing higher val-
ues at sites sampled in 2015 (Fig. 4).

There was not collinearity among any variables. Akaike 
information criterion showed a fittest model including “site” 
as a random component. Generalized Additive Model for Kcl 
was 84.8% deviance explained, with an adjusted R2 = 77.6%. 
The variables “site” (F = 2.838; p = 0.001**), DO (F = 4.054; 
p = 0.005**), and BFAI (F = 17.934; p = < 0.001***) had a 
significant impact on Kcl index. Generalized Additive Model 
for BRI was 34.6% deviance explained, with an adjusted 
R2 = 25.3%. Only the salinity significantly impacted on BRI 
index (F = 3.243; p = 0.0385*) (Fig. 5).

Discussion

Environmental stress in the fishing region of Caibarien, 
possibly imposes generalized conditions of deterioration 
that homogeneously reduce the resilience of marine eco-
systems and evenly affect biological communities. Changes 
on benthic communities’ distribution, benthic organisms’ 
abundance decreases, and seagrasses disturbances, have 
been reported as deterioration signs at all SCA regions 
(Martínez-Daranas 2007; Martínez-Daranas et al. 2021; 
Lopeztegui-Castillo et al. 2021b). These changes to benthic 
communities could imply a decrease of food availability for 
lobster (Lopeztegui-Castillo et al. 2021a), resulting in unfa-
vorable variations in lobster’s nutritional condition indices, 
which could be detected differently by each index based on 
its methodological characteristics (Oliver and MacDiarmid 
2001; Lopeztegui-Castillo 2021). The energy supplied by 
each food category could also have an important influence 
(Díaz-Iglesias et al. 2001; Perera et al. 2003a, b).

Coastal pollution, causeways which limit water circula-
tion and induce habitat fragmentation, and intensive fish-
ing with bottom trawl nets, have been identified among the 
anthropogenic factors with the greatest impact on SCA, 
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Fig. 3  Variation of the environmental variables among years and between the dry and rainy season, in the fishing region of Caibarien, Cuba. BFAI: 
Benthic Food Availability Index; DO: dissolved oxygen
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was observed between 2011 and 2015. This would be due 

to global warming (Fonseca-Rivera et al. 2021), but local 
effects conditioned by shallow depth and limited water cir-
culation could be also influencing such increasing trend. 
Neither on spatial scale (among sites) the temperature var-
ied significantly. Consequently, variation in nutritional con-
dition indices could not be attributed to temperature but to 
other environmental factors.

measured but potentially having the possibility to signifi-
cantly impact lobster’s nutritional condition.

The high salinity values obtained are already charac-
teristic of this region and its negative effect on biological 
communities has been well documented (Alcolado et al. 
2007; Montalvo-Estévez et al. 2008; Betanzos-Vega et al. 
2010, 2011, 2013). The temperature did not show signifi-
cant difference among years, but a slightly increasing trend 

Fig. 4  Spatial variation of the environmental variables, as an average for 2010–2015 period, in the fishing region of Caibarien, Cuba. BFAI: Ben-
thic Food Availability Index; DO: dissolved oxygen

 

R Spearman; p < 0.05
BRI Kcl

Temperature (0 C) –0.2062 0.1977
Salinity (0/00) –0.2694 –0.1226
DO (mg/L) 0.4389* 0.2459
BFAI 0.3374* 0.5513*
BRI - 0.1749

Table 1  Spearman correlation 
coefficient quantifying associa-
tion between nutritional condition 
indices, and between those 
indices and each environmental 
variable registered in the fishing 
region of Caibarien, Cuba. Kcl: 
morphometric index of nutri-
tional condition; BRI: Blood 
Refractive Index; BFAI: Benthic 
Food Availability Index; DO: dis-
solved oxygen; *: significance
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significantly affected by food availability, dissolved oxygen, 
and sites variations.

Sites with highest food availability values were those 
at the platform edge. At these sites, the greater exchange 
with oceanic waters and the remoteness of polluting sources 
favors a better development of the benthic community 
(Lopeztegui-Castillo et al. 2021b; Martínez-Daranas et al. 
2021). Nevertheless, inner sites values are better exam-
ples of the deteriorated habitat conditions reported at all 
SCA (Alcolado et al. 2007; Montalvo-Estévez et al. 2008; 

Being one of these other factors, the food availability 
showed a significant association (Spearman correlation 
coefficient) with both indices of nutritional condition. How-
ever, the Generalized Additive Model, which links the inter-
action of several factors, detected a significant impact of 
BFAI only on Kcl. Based on the results of this multivariate 
statistics tool, the environmental factors that affect BRI and 
Kcl indices are totally different in this region. BRI was sig-
nificantly affected only by salinity variations, while Kcl was 

Fig. 5  Generalized additive 
model quantifying the impact 
of environmental variables on 
lobster’s morphometric (Kcl) 
and analytical (BRI) nutritional 
condition indices, in the fishing 
region of Caibarien, Cuba. BFAI: 
Benthic Food Availability Index; 
DO: dissolved oxygen
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when organisms are well fed (Zhang et al. 2016). Due to 
these aspects, the multifactorial nature of the environmental 
influence on the nutritional condition makes possible that 
certain factors, such as variations in salinity or food avail-
ability, have a different effect at each analyzed region.

Hemolymph protein concentration is directly propor-
tional to the biomass of the hepatopancreas (Wang and 
McGaw 2014; Gutzler and Butler 2017). Thus, it is possible 
that low winter temperatures, concomitant with decreases 
in metabolic activity, could induce a greater accumulation 
of energy reserve substances. Corroborating, lobster nutri-
tional condition was greater during the dry season, which 
means that this season is better for live lobster commercial-
ization or for when lobsters must be submitted to long-term 
stresses. Consequently, a better lobster’s physiology, which 
could mean better condition to withstand adverse environ-
mental factors and to avoid diseases incidence, is expected 
during dry season. Also, decreased nutritional condition 
could cause a reduction of reproductive potential for lob-
sters. Lobsters with deficient nutritional condition are sus-
ceptible to diseases and could produce a smaller number of 
eggs or/and eggs with a lesser viability or fertility (Briones-
Fourzán et al. 2009; Atherley et al. 2021). These reductions 
could cause a decrease of recruitment and lobster popula-
tion abundance and fishery harvest (Baisre 2000a, b).

Acknowledgements  This study was supported by the Fisheries 
Research Center of Cuba and by the fishermen and managers of Cai-
barien (EPICAI fishery industry). ALC and YOE also appreciate the 
CONACyT financial supporting for doctoral studies. LAAC is grateful 
for the support received through COFAA and EDI from the Instituto 
Politécnico Nacional.

Authors’ Contributions  A.L.C. designed the study and wrote de main 
manuscript text. Y.O.E. carried out statistical analysis and graphic il-
ustration. L.A.A.C. final revision and edition.

Funding  Not applicable.

Data Availability  The datasets generated and analyzed during the cur-
rent study are available from the first author upon reasonable request.

Declarations

Ethical Approval  The data were collected based on the commercial 
lobster fishing and did not require any additional permits from the au-
thorities. Lobsters were not exposed to any additional harm.

Competing interests  There is no conflict of interest.

References

Álamo B, Loza S, Sánchez M, Montalvo JF, García I, Reyes T, Car-
menate M (2013) Evaluación del estado trófico de seis bahías 
interiores del Archipiélago Sabana-Camagüey, Cuba, mediante 

Betanzos-Vega et al. 2011, 2013, 2015; Lopeztegui-Castillo 
et al. 2021b; Martínez-Daranas et al. 2021). Excluding edge 
sites result in 19% decreased food availability (BFAI = 0.36), 
which corroborate the advanced environmental deteriora-
tion reported in the SCA inner waters.

Dissolved oxygen did not show significant differences 
between the dry and rainy seasons, although temperature 
was higher during the rainy season. Usually, increasing tem-
peratures imply a dissolved oxygen decline, but phytoplank-
ton blooms at the end of the rainy season make increase 
dissolved oxygen levels in Cuban semi-enclosed waters 
(Moreira et al. 2007, 2014; Seisdedo-Losa et al. 2021). 
Also, nutrient enrichment, which have typically been higher 
at this region, favor phytoplankton blooms which increase 
dissolved oxygen levels (Álamo et al. 2013; Bustamante-
López et al. 2016; Seisdedo-Losa et al. 2021).

Salinity variations cause important physiological 
changes mostly related to the osmotic regulation processes 
and consequently energy reserves consumption (Ramaglia 
et al. 2018; Strefezza et al. 2019), therefore they could 
affect lobster’s nutritional condition. High salinities found 
in Caibarien present a persistent multifactorial origin (plat-
form shallow depth and natural narrowness, drought pro-
cesses, river damming, and causeways construction) and 
could contribute to explain physiological variations, like a 
declined nutritional condition, in lobsters. Negative effects 
of drought processes on fishes and other marine organisms, 
associated with decreases in circulation, flow, and renewal 
of the waters, has been reported in coastal zones of Cuba 
(Barcia et al. 2019). Although some authors have valued 
higher ranges (Zhang et al. 2016), several studies in crusta-
ceans propose that variations between 3 and 5 units of salin-
ity could induce metabolic changes and modify organisms’ 
responses to temperature and pH variations (Speare et al. 
1996; Cardoso-Mohedano et al. 2018; Ramaglia et al. 2018; 
Strefezza et al. 2019). The average salinity value reported 
for other fishing regions of Cuba, like the gulf of Batabanó, 
is more than 3 salinity units lower than obtained in the pres-
ent study for Caibarien (Betanzos-Vega et al. 2019).

Each environmental factor could affect lobster’s physi-
ology and behavior, but the impact depends on synergistic 
action with other stressors that also determine habitat qual-
ity (Wang et al. 2016; Gutzler and Butler 2017; Lopeztegui-
Castillo 2021). Increased temperature can cause nutritional 
deficiency if insufficient food, but if the diet is adequate, 
it causes an increase in metabolic activity and in the rate 
of consumption and conversion of the food, without con-
sequences on the nutritional condition (Wang et al. 2016; 
Fitzgibbon et al. 2017). Similarly, variations in salinity cause 
different effects depending on its association with other fac-
tors like water acidification or turbidity (Ramaglia et al. 
2018; Strefezza et al. 2019), but they are better tolerated 

1 3



Thalassas: An International Journal of Marine Sciences

Bustamante-López C, Carmenate M, Lugioyo GM, Loza S (2016) 
Comunidades fitoplanctónicas indicadoras del estado trófico en 
las playas del este, La Habana, Cuba. Rev Mar Cost 8(2):75–92. 
https://doi.org/10.15359/revmar.8-2.5

Butler CB, Butler J, Ross EP, Matthews TR (2022) Seasonal and fish-
ery impacts on the nutritional condition of the caribbean spiny 
lobster Panulirus argus in Florida, USA. Mar Ecol Prog Ser 
696:43–56. https://doi.org/10.3354/meps14139

Cardoso-Mohedano JG, Lima-Rego J, Sánchez-Cabeza JA, Ruiz-
Fernández AC, Canales-Delgadillo J, Sánchez-Flores EI, 
Páez-Osuna F (2018) Sub-tropical coastal lagoon salinization 
associated to shrimp ponds effluents. Estuar Coast Shelf Sci 
203:72–79. https://doi.org/10.1016/j.ecss.2018.01.022

Cobas GS, Morales O, Puga R, Piñeiro R, de León ME (2015) Factores 
estresantes al hábitat de la langosta espinosa en la zona norcentral 
de Cuba. Rev Cub Invest Pesq 32(1):48–54

Cruz R, Brito R, Díaz E, Lalana R (1986) Ecología de la langosta 
(Panulirus argus) al SE de la Isla de la Juventud II. Patrones de 
movimiento. Rev Invest Mar 7(3):19–35

Cruz R, Baisre JA, Díaz E, Brito R, Blanco W, García C, Carrodeguas 
C (1990) Atlas biológico-pesquero de la langosta en el archip-
iélago cubano. Ministerio de la Industria Pesquera, La Habana, 
Cuba

Cruz R (2002) Manual de métodos de muestreo para la evaluación 
de las poblaciones de langosta espinosa. FAO Fish Tech Pap 
399:1–50

Díaz-Iglesias E, Adriano R, Báez-Hidalgo M, Nodas F (2001) Análisis 
bioenergético de la alimentación natural en juveniles de la lan-
gosta común Panulirus argus (Latreille, 1804): 3. Crustacea. Rev 
Invest Mar 22(1):33–38

Espinosa J, Herrera A, Brito R, Diaz E, González G, Ibarzábal D, 
Gotera G (1990) Los moluscos en la dieta de la langosta del Caribe 
Panulirus argus (Crustacea: Decapoda). Iberus 9(1–2):127–140

Fernández-Vila LJ, Chirino-Núñez AL (1993) Atlas Oceanográfico 
de las aguas del Archipiélago de Sabana-Camagüey. Instituto 
Cubano de Hidrografía, La Habana, Cuba

Fitzgibbon QP, Simon CJ, Smith GG, Carter CG, Battaglene SC 
(2017) Temperature dependent growth, feeding, nutritional con-
dition and aerobic metabolism of juvenile spiny lobster, Sagma-
riasus verreauxi. Comp Bioch Physiol A 207:13–20. https://doi.
org/10.1016/j.cbpa.2017.02.003

Fonseca-Rivera C, Alpizar-Tirzo M, Hernández-González D, 
González-García IT, Cutié-Cancino V, Valderá-Figueredo N, 
Barcia-Sardiñas S, Martínez-Álvarez M, Gil-Reyes L, Vazquez-
Montenegro R, Rodríguez-Corrales RM, Velázquez-Záldivar B, 
Pérez-Suárez R (2020) Estado del Clima en Cuba 2019. Resumen 
ampliado. Rev Cub Meteorol 26(4):1–18

Fonseca-Rivera C, Hernández-González D, Alpizar-Tirzo M, González-
García IT, Gil-Reyes L, Cutié-Cancino V, Martínez-Álvarez M, 
Barcia-Sardiñas S, Vazquez-Montenegro R, Hernández-González 
M, Velázquez-Záldivar B, Pérez-Suárez R, Valderá-Figueredo N 
(2021) Estado del Clima en Cuba 2020. Resumen ampliado. Rev 
Cub Meteorol 27(2):1–18

García-García N, Puentes O, Montalvo-Estévez JF (2008) Contami-
nación orgánica en el sector de la bahía de Buena Vista, cercano 
a la desembocadura del río Guanó, Villa Clara, Cuba. Rev Cub 
Quim 20(3):39–46

González-Díaz P (2015) Manejo integrado de zonas costeras en Cuba: 
Estado actual, retos y desafíos. Ediciones Imagen Contem-
poránea, La Habana, Cuba

González-Sansón G, Herrera A, Díaz E, Brito R, Gotera G, Arrinda C 
(1991) Bioecología y conducta de la langosta (Panulirus argus, 
Latr.) En las zonas profundas del borde de la plataforma en la 
región suroccidental de Cuba. Rev Invest Mar 12(1–3):140–153

el empleo de clorofila-a como bioindicador. Serie Oceanológica 
13:9–21

Alcolado PM, Espinosa J, Martínez-Estalella N, lbarzábal D, del 
Valle R, Martinez-Iglesias JC, Abreu M, Hernández-Zanuy A 
(1998) Prospección del megazoobentos de los fondos blandos del 
Archipiélago Sabana-Camagüey. Cuba Avicennia 8/9:87–104

Alcolado PM, García EE, Espinosa N (1999) Protecting biodiver-
sity and establishing sustainable development in the Sabana-
Camagüey Ecosystem. GEF/PNUD Proyect Sabana-Camagüey 
CUB/92/G31, Instituto de Oceanología, La Habana, Cuba

Alcolado PM, García EE, Arellano-Acosta ME (2007) Ecosistema 
Sabana-Camagüey. Estado actual, avances y desafíos en la pro-
tección y uso sostenible de la biodiversidad. Editorial Academia, 
La Habana, Cuba

Atherley NAM, Dennis MM, Behringer DC, Freeman MA (2021) Size 
at sexual maturity and seasonal reproductive activity of the carib-
bean spiny lobster Panulirus argus. Mar Ecol Prog Ser 671:129–
145. https://doi.org/10.3354/meps13762

Baisre JA (1985) Los complejos ecológicos de pesca: definición e 
importancia en la administración de las pesquerías cubanas. FAO 
Fish Rep 327:251–272

Baisre JA (2000a) The Cuban Spiny Lobster Fishery. Chapter 7. 
pp. 135–152. En B. F. Phillips y J. Kittaka (Eds). Spiny Lobsters: 
Fisheries and Culture, Fishing New Books, Blackwell, Oxford

Baisre JA (2000b) Chronicle of cuban marine fisheries (1935–1995). 
Trend analysis and fisheries potential. FAO Fish Technical Paper 
394:26

Baisre JA (2004) La pesca marítima en Cuba. Ed. Científico-Técnica, 
La Habana, Cuba. 372 pp

Barcia S, Fontes M, Ramírez M, Viera EY (2019) La sequía meteo-
rológica 2014 – 1017, características e impactos en la provincia 
Cienfuegos. Rev Cub Meteorol 25:319–333

Barton K (2020) MuMIn: Multi-Model Inference. R package version 
1.43.17. https://CRAN.R-project.org/package=MuMIn (accessed 
20 Jan 2022)

Betanzos-Vega A, Siam-Lahera C, Arencibia-Carballo G (2010) Vari-
ación de la salinidad y su relación con la distribución por talla 
del ostión de mangle en Villa Clara, Cuba. Rev Cub Invest Pesq 
27(1):41–46

Betanzos-Vega A, Capetillo-Piñar N, Lopeztegui-Castillo A (2011) 
Variaciones de la turbidez en aguas marinas costeras de la región 
norcentral de Cuba. UNACAR Tecnociencia 5(2):14–26

Betanzos-Vega A, Capetillo-Piñar N, Lopeztegui-Castillo A, Mar-
tínez-Daranas B (2013) Variación espacio-temporal de la turbi-
dez y calidad en cuerpos de agua marina de uso pesquero, región 
norcentral de Cuba, 2008–2010. Serie Oceanológica 12:24–35

Betanzos-Vega A, Capetillo-Piñar N, Lopeztegui-Castillo A, Mar-
tínez-Daranas B, Arencibia-Carballo G (2015) Calidad ambien-
tal de hábitats críticos para recursos pesqueros al norte de Villa 
Clara, archipiélago Sabana-Camagüey, Cuba. Boletín electrónico 
El Bohío 5(6):23–34

Briones-Fourzán P, Lozano-Alvarez E (2001) Effects of artificial 
shelters (casitas) on the abundance and biomass of juvenile 
spiny lobsters, Panulirus argus in a habitat limited tropical reef 
lagoon. Mar Ecol Prog Ser 221:221–232. https://doi.org/10.3354/
meps221221

Briones-Fourzán P, Baeza-Martínez K, Lozano-Álvarez E (2009) 
Nutritional indices of juvenile caribbean spiny lobsters in a mexi-
can reef lagoon: are changes over a 10-year span related to the 
emergence of Panulirus argus. J Exp Mar Biol Ecol 370:82–88. 
https://doi.org/10.1016/j.jembe.2008.12.004

Buesa RJ (1987) Growth rate of tropical demersal fishes. Mar Ecol 
Prog Ser 36:191–199. https://www.jstor.org/stable/24821987

Burnham KP, Anderson DR (2002) Model selection and multimodel 
inference: a practical information-theoretic approach. Springer-
Verlag, New York, EE.UU

1 3

http://dx.doi.org/10.15359/revmar.8-2.5
http://dx.doi.org/10.3354/meps14139
http://dx.doi.org/10.1016/j.ecss.2018.01.022
http://dx.doi.org/10.1016/j.cbpa.2017.02.003
http://dx.doi.org/10.1016/j.cbpa.2017.02.003
http://dx.doi.org/10.3354/meps13762
https://CRAN.R-project.org/package=MuMIn
http://dx.doi.org/10.3354/meps221221
http://dx.doi.org/10.3354/meps221221
http://dx.doi.org/10.1016/j.jembe.2008.12.004
https://www.jstor.org/stable/24821987


Thalassas: An International Journal of Marine Sciences

paso de fenómenos meteorológicos extremos. Technical Report 
1–67

Montalvo-Estévez JF, García I, Loza S, Esponda SC, César ME, 
González de Zaya R, Hernández L (2008) Oxígeno disuelto y 
materia orgánica en cuerpos de aguas interiores del Archipiélago 
Sabana-Camagüey. Cuba Serie Oceanológica 4:71–84

Montalvo-Estévez JF, García-Ramil IA, Perigó-Arnaud E, Alburquer-
que-Brook OC, García-García N (2013) Calidad química del agua 
y sedimento en las bahías del archipiélago Sabana-Camagüey. 
Rev Cub Quim 25(2):123–133

Montalvo-Estévez JF, García-Ramil IA, Almeida-Rodríguez M, 
Betanzos-Vega A, García-García N (2014) Modelación de la 
eutroficación e índice de calidad del agua en algunas bahías del 
archipiélago Sabana-Camagüey. Tecnol Quim 34(3):184–196

Moore LE, Smith DM, Loneragan NR (2000) Blood refractive index 
and whole-body lipid content as indicators of nutritional condition 
for penaeid prawns (Decapada: Penaeidae). J Exp Mar Biol Ecol 
244:131–143. https://doi.org/10.1016/S0022-0981(99)00127-6

Morales O, Puga R, de León ME, Alzugaray R (2013) Evaluación 
del esfuerzo de pesca sobre la población de langosta (Panulirus 
argus) en la región norcentral de Cuba. Rev Cub Invest Pesq 
30(1):1–4

Moreira AR, Seisdedo M, Leal S, Comas A, Delgado G, Regadera R, 
Alonso C, Muñoz A, Abatte M (2007) Composición y abundancia 
del fitoplancton de la bahía de Cienfuegos. Cuba Rev Invest Mar 
28(2):97–109

Moreira AR, Seisdedo M, Muñoz A, Comas A, Alonso C (2014) Spa-
tial and temporal distribution of phytoplankton as indicator of 
eutrophication status in the Cienfuegos Bay, Cuba. J Integr Coast 
Zone Manag 4(4):597–609. https://doi.org/10.5894/rgci506

Mouso-Batista MM, Ochoa-Avila MB, Reyes-Pupo R (2019) El 
manejo integrado del sector costero caletones en Cuba. Ecosiste-
mas 28(3):160–166. https://doi.org/10.7818/ECOS.1691

Oliver MD, MacDiarmid AB (2001) Blood refractive index and ratio 
of weigth to carapace length as indices of nutritional condi-
tion in juvenile rock lobsters (Jasus edwarsii). Mar Freshw Res 
52(8):1395–1400. https://doi.org/10.1071/MF01030

Perera BE, Díaz-Iglesias E, Báez-Hidalgo M, Nodas F (2003a) Análi-
sis bioenergético de la alimentación natural en juveniles de la 
langosta común Panulirus argus (Latreille, 1804): 5. Echinoidea. 
Rev Invest Mar 24(1):23–28

Perera BE, Díaz-Iglesias E, Báez-Hidalgo M, Nodas F (2003b) Análi-
sis bioenergético de la alimentación natural en juveniles de la lan-
gosta común Panulirus argus (Latreille, 1804): 4. Amphineura. 
Rev Invest Mar 24(1):17–22

Puga R, Piñeiro R, Alzugaray R, Cobas LS, de León ME, Morales 
O (2013) Integrating anthropogenic and climatic factors in the 
assessment of the caribbean spiny lobster (Panulirus argus) 
in Cuba: implications for fishery management. Int J Mar Sci 
3(6):36–45. https://doi.org/10.5376/ijms

Ramaglia AC, Castro LM, Augusto A (2018) Effects of ocean acidifica-
tion and salinity variations on the physiology of osmoregulating 
and osmoconforming crustaceans. J Comp Physiol B 188(5):729–
738. https://doi.org/10.1007/s00360-018-1167-0

R Core Team (2021) R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, Aus-
tria. www.r-project.org (accessed 2 Jan 2022)

Seisdedo-Losa M, Moreira-González AR, Valle-Pombrol A, Comas-
González A, Barcia-Sardiñas S (2021) Influence of the drought 
period 2014–2017 on the water quality and occurrence of harm-
ful algal blooms in Cienfuegos Bay (Cuba). Pan-Am J Aquat Sci 
16(1):5–19

Speare DJ, Cawthorn RJ, Horney BS, MacMillan R, MacKenzie AL 
(1996) Effects of formalin, chloramine-T, and low salinity dip on 
the behavior and hemolymph biochemistry of the american lob-
ster. Can Vet J 37(12):729–734

Gutzler BC, Butler MJIV (2017) Comparison of methods for deter-
mining Nutritional Condition in Spiny Lobsters. J Shellfish Res 
36(1):175–179. https://doi.org/10.2983/035.036.0118

Herrera A, Díaz E, Brito R, González G, Gotera G, Espinosa J, Ibar-
zábal D (1991) Alimentación natural de la langosta Panulirus 
argus en la región de los Indios (Plataforma SW de Cuba) y su 
relación con el bentos. Rev Invest Mar 12(1–3):172–182

Lopeztegui-Castillo A (2021) Assessment of nutritional condition in 
crustaceans: a review of methodologies and guidelines for apply-
ing inexpensive and wide-ranging indices to the spiny lobster 
Panulirus argus (Latreille, 1804) (Decapoda: Achelata: Palin-
uridae). J Crustac Biol 41(4):1–17. https://doi.org/10.1093/jcbiol/
ruab067

Lopeztegui-Castillo A, Capetillo-Piñar N (2021) Condición nutri-
cional de la langosta, Panulirus argus (Decapoda: Palinuridae): 
60 años de índices extensivos y variación espacio-temporal en 
Cuba. Rev Biol Trop 69(2):534–544. https://doi.org/10.15517/
rbt.v69i2.43548

Lopeztegui-Castillo A, Martínez-Coello D, Abitia-Cárdenas LA 
(2021a) Benthic index for estimating food availability in two 
soft bottoms fishing areas. Thalassas 37(2):487–495. https://doi.
org/10.1007/s41208-021-00341-0

Lopeztegui-Castillo A, Capetillo-Piñar N, Betanzos-Vega A, Martínez-
Daranas B, Martínez-Coello D, Abitia-Cárdenas LA (2021b) 
Space-time variations of megazoobenthos subject to natural and 
anthropogenic impacts in two cuban bays: evidence of recov-
ery? Lat Am J Aquat Res 49(1):97–109. https://doi.org/10.3856/
vol49-issue1-fulltext-2542

Lorenzon S, Martinis M, Ferrero EA (2011) Ecological relevance of 
hemolymph total protein concentration in seven unrelated crus-
tacean species from different habitats measured predictively by 
a density-salinity refractometer. J Mar Biol 2011:153654. https://
doi.org/10.1155/2011/153654

Lozano-Alvarez E, Carrasco-Zanini G, Briones-Fourzán P (2002) 
Homing and orientation in the spotted spiny lobster, Panu-
lirus guttatus (Decapoda, Palinuridae) towards a subtidal 
coral reef habitat. Crustaceana 75(7):859–873. https://doi.
org/10.1163/156854002321210712

Martínez-Coello D, Lopeztegui-Castillo A, Amador-Marrero U (2015) 
Diferencias entre sexos en la composición de la dieta natural de 
la langosta Panulirus argus (Decapoda: Palinuridae) al este del 
golfo de Batabanó. Cuba Res J Costa Rican Distance Educ Univ 
7(2):269–277. https://doi.org/10.22458/urj.v7i2.1153

Martínez-Coello D, Lopeztegui-Castillo A, Amador-Marrero U 
(2022a) Tasa de depredación de Panulirus argus (Decapoda: 
Palinuridae) sobre moluscos gastrópodos en dos zonas pesqueras 
al sur de Cuba. Rev Biol Mar Oceanog 57(1):34–44. https://doi.
org/10.22370/rbmo.2022.57.1.3359

Martínez-Coello D, Lopeztegui-Castillo A, Puga-Millán R (2022b) 
Spiny lobster Panulirus argus (Decapoda: Palinuridae) trophic 
spectrum update using diet descriptors and indices applied for first 
time in Cuba. Aquat Ecol 56:1019–1035. https://doi.org/10.1007/
s10452-022-09978-2

Martínez-Daranas B (2007) Características y estado de conservación 
de los pastos marinos en áreas de interés del archipiélago Sabana-
Camagüey, Cuba. Doctoral thesis, The University of Havana, 
Cuba

Martínez-Daranas B, Betanzos-Vega A, Lopeztegui-Castillo A, 
Capetillo-Piñar N, Castellanos-Iglesias S (2021) Influence of sev-
eral stressful factors on the condition of seagrasses at Sabana–
Camagüey Archipelago, Cuba. Reg Stud Mar Sci 47:101939. 
https://doi.org/10.1016/j.rsma.2021.101939

Mitrani-Arenal I, Cabrera-Infante J, Ferrer-Hernández A, Machado-
Montes de Oca A, González-Velázquez D, Hidalgo-Mayo A 
(2020) Modelación de la sobreelevación del nivel medio del mar 
mediante combinación de los modelos numéricos regionales al 

1 3

http://dx.doi.org/10.1016/S0022-0981(99)00127-6
http://dx.doi.org/10.5894/rgci506
http://dx.doi.org/10.7818/ECOS.1691
http://dx.doi.org/10.1071/MF01030
http://dx.doi.org/10.5376/ijms
http://dx.doi.org/10.1007/s00360-018-1167-0
http://dx.doi.org/10.2983/035.036.0118
http://dx.doi.org/10.1093/jcbiol/ruab067
http://dx.doi.org/10.1093/jcbiol/ruab067
http://dx.doi.org/10.15517/rbt.v69i2.43548
http://dx.doi.org/10.15517/rbt.v69i2.43548
http://dx.doi.org/10.1007/s41208-021-00341-0
http://dx.doi.org/10.1007/s41208-021-00341-0
http://dx.doi.org/10.3856/vol49-issue1-fulltext-2542
http://dx.doi.org/10.3856/vol49-issue1-fulltext-2542
http://dx.doi.org/10.1155/2011/153654
http://dx.doi.org/10.1155/2011/153654
http://dx.doi.org/10.1163/156854002321210712
http://dx.doi.org/10.1163/156854002321210712
http://dx.doi.org/10.22458/urj.v7i2.1153
http://dx.doi.org/10.22370/rbmo.2022.57.1.3359
http://dx.doi.org/10.22370/rbmo.2022.57.1.3359
http://dx.doi.org/10.1007/s10452-022-09978-2
http://dx.doi.org/10.1007/s10452-022-09978-2
http://dx.doi.org/10.1016/j.rsma.2021.101939


Thalassas: An International Journal of Marine Sciences

Wood SN (2017) Generalized Additive Models: An Introduction with 
R. Chapman and Hall/CRC, Boca Ratón, EE.UU

Zhang P, Sun J, Wang S, Dongdong H, Zhao L (2016) Influences of 
desiccation, submergence, and salinity change on survival of 
Ligia cinerascens (Crustacea, Isopoda): high potential impli-
cation for inland migration and colonization. Hydrobiologia 
772(1):277–285. https://doi.org/10.1007/s10750-016-2673-2

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law. 

Strefezza TF, Marques de Andrade I, Augusto A (2019) Reduced pH 
and elevated salinities affect the physiology of intertidal crab 
Minuca mordax (Crustacea, Decapoda). Mar Freshw Behav 
Physiol 52(5):241–225. https://doi.org/10.1080/10236244.2019.
1681898

Venables WN, Dichmont CM (2004) GLMs, GAMs and GLMMs: an 
overview of theory for applications in fisheries research. Fish Res 
70:319–337. https://doi.org/10.1016/j.fishres.2004.08.011

Wang G, McGaw IJ (2014) Use of serum protein concentration as an 
indicator of quality and physiological condition in the lobster 
Homarus americanus (Milne-Edwards, 1837). J Shellfish Res 
33(3):805–813. https://doi.org/10.2983/035.033.0315

Wang G, Robertson LM, Wringe BF, McGaw IJ (2016) The effect of 
temperature on foraging activity and digestion in the american 
lobster Homarus americanus (Milne Edwards, 1837) (Decapoda: 
Nephropsidae) feeding on blue mussels Mytilus edulis (Linnaeus, 
1758). J Crustac Biol 36(2):138–146. https://doi.org/10.1163/193
7240X-00002414

1 3

http://dx.doi.org/10.1007/s10750-016-2673-2
http://dx.doi.org/10.1080/10236244.2019.1681898
http://dx.doi.org/10.1080/10236244.2019.1681898
http://dx.doi.org/10.1016/j.fishres.2004.08.011
http://dx.doi.org/10.2983/035.033.0315
http://dx.doi.org/10.1163/1937240X-00002414
http://dx.doi.org/10.1163/1937240X-00002414

	﻿Influence of Environmental Factors on Nutritional Condition of Spiny Lobster ﻿Panulirus argus﻿ (Decapoda: Palinuridae)
	﻿Abstract
	﻿Introduction
	﻿Materials and Methods
	﻿Study area and Sampling site’s Location
	﻿Benthic food Availability Index
	﻿Nutritional Condition Indices
	﻿Temporal Analysis
	﻿Data Analysis

	﻿Results
	﻿Discussion
	﻿References


