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Thesis Preview 

This Doctoral Thesis, directed 
by Dr. Raül Triay Portella and 
supervised by Dr. José Mario 
González Pajuelo, is entitled "Ecology 
of the non-native crab Cronius ruber 
(Lamarck, 1818) (Decapoda, 
Brachyura, Portunidae) in Gran 
Canaria waters: Implications for its 
management and control." It 
originated from a detailed study on 
the invasive species C. ruber, carried 
out under the COINVA project of the 
Institute of Environmental Studies 
and Natural Resources (i-UNAT) at 
the University of Las Palmas de Gran 
Canaria (ULPGC), integrated into the 
Doctoral Program of Environmental 
Quality and Natural Resources 
(DOCARNA). 

The information gathered in 
this project represents a crucial step 
towards deepening our 
understanding of the invasive crab C. 
ruber and collecting data on its 
populations in the coastal waters of 
the Canary Islands. The Doctoral 
thesis includes three original 
research articles, published in peer-
reviewed scientific journals (Journal 
Citation Report), which focus on the 
feeding, reproduction, and growth of 
C. ruber. These studies contribute to
a better understanding of C. ruber
and its impact on Canarian coastal
ecosystems, which will allow

eąective management and control of 
the populations. 

In addition to the proposed 
objectives, the dissemination of 
knowledge about the invasive 
species Cronius ruber was expanded 
through oral and poster 
presentations at international 
congresses. Understanding the 
population dynamics and life history 
and of invasive species is crucial for 
addressing their environmental 
impacts. However, research on the 
life cycle and basic population 
parameters of C. ruber is limited in 
both its native and non-native 
ranges. 

This thesis follows the 
compendium format outlined in 
Regulation 1/2023 on doctoral 
studies at the University of Las 
Palmas de Gran Canaria, approved by 
the University’s Governing Council on 
January 26, 2023 (BOULPGC No. 2). It 
begins with a general introduction 
addressing key questions, objectives, 
and the study's hypothesis. 
Subsequent chapters present 
scientific contributions supporting 
the hypothesis, culminating in the 
main conclusions. 
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Summary/Resumen 

El propósito central de esta 
tesis es realizar un estudio de la 
ecología de Cronius ruber (Lamarck, 
1818), un crustáceo 
decápodo:portunido nadador que fue 
documentado en Canarias por 
primera vez en 2010. La rápida y 
sorprendente expansiónn de esta 
especie aguas del archipiélago 
canario ha generado considerable 
interés científico, destacando la 
necesidad de investigar 
meticulosamente su ecología y ciclo 
vital. Curiosamente, Cronius ruber ha 
suscitado poco interés en sus 
regiones de origen, lo que ha 
supuesto la ausencia de información 
biológica y de datos sobre esta 
especie. 

Gracias a los proyectos 
ProId2017010083 (COINVA) 
financiado por el Gobierno de 
Canarias y los fondos FEDER de la UE 
y el proyecto CEI2019-06 (ICRAC) de 
la Agencia Canaria de Investigación 
Innovación y Sociedad de la 
Información (ACIISI), se definieron 
objetivos claros y específicos para 
investigar a C. ruber, centrándose en 
aspectos fundamentales de su ciclo 
vital y ecología como la alimentación, 
reproducción y crecimiento. Este 
enfoque contribuyó 
significativamente a mitigar las 
lagunas en el conocimiento existente 

sobre esta especie. Además, durante 
el desarrollo de la tesis se pudo 
alcanzar metas adicionales, como 
evaluar la dispersión y abundancia de 
C. ruber. En el marco de esos estudios
se llevaron a cabo observaciones
sistemáticas para determinar la
presencia o ausencia de C. ruber a lo
largo del litoral de Gran Canaria, lo
cual fue fundamental para averiguar
su expansión geográfica. Asimismo,
se evaluó la efectividad de diversas
técnicas de muestreo para controlar
la propagación del cangrejo invasor C.
ruber. La investigación sobre C. ruber
es vital no solo para comprender las
dinámicas biológicas de la especie,
sino también para valorar su impacto
potencial sobre las comunidades
biológicas autóctonas y los
ecosistemas de áreas no nativas
donde se ha establecido.

Los resultados de este estudio 
ofrecen perspectivas valiosas sobre 
la interacción de C. ruber con los 
ecosistemas que invade, lo cual es 
clave para la gestión y conservación 
de los ecosistemas y de su 
biodiversidad en las regiones 
afectadas por especies invasoras. 

Para lograr las metas marcadas 
en esta tesis, se realizaron diversas 
actividades de campo y laboratorio. 
Se recolectaron y analizaron un total 
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de 523 ejemplares de C. ruber para los 
aspectos de reproducción y 
crecimiento. Adicionalmente, se 
examinaron 278 individuos con el fin 
de analizar detalladamente el 
contenido estomacal y evaluar la 
ingesta diaria. Las actividades de 
captura se efectuaron manualmente 
a lo largo de un periodo comprendido 
entre enero de 2018 y febrero de 
2020. Durante ese tiempo, se 
realizaron inmersiones a 
profundidades que variaban entre 1 y 
8 metros, seleccionando zonas que 
ofrecían la mayor probabilidad de 
encontrar a estos crustáceos en su 
hábitat natural. 

El análisis de la composición de 
la dieta de C. ruber resulta 
fundamental para comprender y 
evaluar sus potenciales impactos en 
los ecosistemas donde se ha 
introducido. La dieta se analizó tanto 
desde una perspectiva demográfica 
como estacional. Para ello se 
examinaron los contenidos 
estomacales de 278 cangrejos, de los 
cuales se identificaron 716 muestras 
de presas, correspondientes a 52 
taxones distintos, incluyendo tejidos 
y restos que no pudieron ser 
identificados. Estos especímenes se 
clasificaron en tres grupos según su 
tamaño: 87 juveniles, con un ancho 
del caparazón (CW) de entre 17,51 y 
55,50 mm; 128 adultos, con un CW de 
55,60 a 75,50 mm; y 73 adultos viejos, 
con un CW de 75,60 a 91,44 mm. Se 

observó que más del 18% de los 
cangrejos analizados presentaban 
estómagos vacíos. 

La frecuencia de aparición, 
expresada como porcentaje (% Of), se 
estimó como la tasa entre el número 
total de estómagos examinados y el 
número total de estómagos que 
contenían presas, analizados por 
grupo y sexo (macho/hembra). Las 
presas más comúnmente 
encontradas fueron los cangrejos 
branquiuros, representando el 51,54% 
del total, seguidos de los poliquetos 
con un 34,36%. Los equinoideos 
fueron observados en el 22,47% de los 
casos, los gasterópodos en el 21,15% 
y los perciformes en el 20,70%. 
Además, las investigaciones 
realizadas durante muestreos 
nocturnos revelaron la presencia de 
presas que no se habían detectado en 
los análisis de contenido estomacal 
diurno. 

En cuanto a las tasas de 
ingestión diarias, basadas en el 
consumo de poliquetos, se observó 
un patrón de mayor consumo entre 
los juveniles (< 55 mm CW) y los 
cangrejos adultos (entre 55 mm y 75 
mm CW), en comparación con los 
adultos mayores (> 75 mm CW). Este 
patrón de consumo estuvo en 
consonancia con el número y tipo de 
presas encontradas en los 
estómagos, que mostraron 
variaciones según las estaciones del 
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año y los grupos ontogénicos de los 
cangrejos. Además, las 
observaciones visuales nocturnas 
demostraron que los depredadores 
nativos se alimentaban del cangrejo 
invasor, incluyendo meros, pulpos y 
elasmobranquios. 

El estudio sobre la dieta 
permitió entender mejor cómo C. 
ruber puede afectar a las poblaciones 
nativas. La diversidad en la dieta de 
esta especie sugiere una capacidad 
de adaptación que podría conferirle 
una ventaja competitiva sobre las 
especies autóctonas, además sugiere 
que C. ruber sigue una dieta 
generalista, la información sobre las 
diferencias en la dieta entre los 
diferentes grupos difería 
significativamente entre las 
estaciones, grupo ontogénico y el 
sexo, proporciona datos valiosos 
sobre el desarrollo y comportamiento 
alimentario a lo largo de su ciclo de 
vida. Esta investigación es crucial 
para desarrollar estrategias 
alimenticias de C. ruber y como estas 
pueden variar en función del CW, lo 
que a su vez influye en su interacción 
con el ecosistema y las especies 
invasoras.  

Este portunidio asume el papel 
de mesodepredador generalista, 
como se puede observar en la gran 
diversidad y variedad de presas 
identificadas en su contenido 
estomacal, y las observadas durante 

las inmersiones nocturnas. Es 
destacable que varias especies 
amenazadas o de importancia
comercial constituyen los 
componentes principales de su dieta.  

Las características 
reproductoras de C. ruber fueron 
examinadas, abarcando aspectos 
como la estructura de sexos, la 
madurez sexual, la fecundidad y el 
desarrollo de los huevos. El proceso 
de desarrollo de los huevos se detalló 
y clasificó en cuatro etapas 
claramente diferenciadas, 
proporcionando una visión detallada 
de su ciclo reproductor. Las hembras 
fueron significativamente más 
abundantes que los machos con una 
proporción de cangrejos macho de 
(1:1.44). Además, las hembras fueron 
significativamente más abundantes 
que los machos en los tamaños de 
50-65 mm de ancho de caparazón
(CW) (1:>1.84), sin embargo, los
machos fueron significativamente
dominantes en las clases de tamaño
mayores de 70 mm CW,
particularmente sobre los 85 mm CW,
en los que solo se observaron
machos.

La reproducción de C. ruber 
tiene lugare durante todo el año, con 
oviposiciones sucesivas 
inmediatamente después del periodo 
de incubación de los huevos. Este 
proceso puede repetirse hasta seis 
veces en las hembras debido a la 
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cantidad de esperma transferido 
durante la fecundación y almacenado 
en la hembra. La talla a la cual alcanza 
la madurez sexual para las hembras 
se estimó en 49,17 mm CW, mientras 
que la madurez sexual en los machos 
se estimó en 52,19 mm CW. Aunque se 
observó durante todos los meses 
hembras con ovarios maduros estas 
fueron más abundante en los meses 
de julio a noviembre, mientras que los 
machos con testículos maduros 
también fueron observados durante 
todo el año. 

Las características 
reproductoras de C. ruber explican la 
rápida expansión y colonización de 
esta especie más allá de su área de 
distribución nativa. Esta especie es 
un desovador múltiple con una nueva 
oviposición inmediatamente después 
de finalizar el periodo de incubación 
de los huevos. El periodo de desarrollo 
de los huevos dura algo menos de 1 
mes. Este proceso puede ser 
realizado por las hembras hasta seis 
veces gracias al esperma almacenado 
en la espermateca. La actividad de 
desove se extiende a lo largo de todo 
el año mostrando un potencial 
reproductor que alcanza el millón de 
huevos por oviposición. 

La mayor presencia de 
hembras en rangos de tamaño más 
comunes indica una estrategia 
reproductora enfocada en maximizar 
la producción de descendientes, lo 

que potencialmente acelera el 
aumento de la población y su 
extensión en áreas no nativas. Por 
otro lado, la presencia de machos en 
tamaños mayores podría relacionarse 
con la competencia por parejas o con 
un desarrollo diferencial que favorece 
la supervivencia y el éxito 
reproductor en etapas más 
avanzadas de su vida. 

El patrón de crecimiento de C. 
ruber se describió utilizando el 
modelo de von Bertalanąy. El 
crecimiento relativo mostró 
variaciones significativas a lo largo de 
la ontogenia de la especie, con 
cambios notables entre los 54,5 y 
57,8 mm CW en los machos y a los 
49,9 mm de CW en las hembras. 
Además, la alometría del crecimiento, 
que estudia cómo las diferentes 
partes del cuerpo cambian en 
proporción respecto al tamaño 
general, reveló un  incremento 
positivo tanto en las muelas de los 
machos como en el abdomen de las 
hembras. Los parámetros de 
crecimiento de von Bertalanąy se 
estimaron utilizando datos de 
frecuencia de longitud. C. ruber 
demostró ser una especie de 
crecimiento rápido, alcanzando la 
fase de crecimiento postpuberal 
(madurez) entre 0,5 y 1 año de edad 
para los machos, y entre 0,4 y 0,8 
años para las hembras, con un 
aumento de más del 638% en los 
machos y un 443% en las hembras en 
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términos de edad. Se observaron 13 
mudas en la primera fase de la vida 
(hasta 30 mm de CW), seguidas por 
seis mudas desde esta fase hasta el 
final de la vida, además de una muda 
terminal final. 

Los depredadores de C. ruber 
están recogidos por la UICN en su la 
lista roja o son objeto de actividades 
extractivas, lo que destaca la 
importancia de entender los patrones 
de dieta asociados a los rasgos 
demográficos de esta especie. La 
rápida tasa de crecimiento y las 
características reproductoras de C. 
ruber explican su expansión y 
colonización más allá de su  área  de 
distribución  nativa.  Los  

resultados también proporcionan 
información clave para las directrices 
de control y gestión de esta especie 
invasora, subrayando la importancia 
de considerar las características de 
su reproducción al diseñar medidas 
efectivas para mitigar su impacto en 
ecosistemas vulnerables. Los 
resultados proporcionan una línea de 
base crucial para investigaciones 
futuras sobre los posibles impactos 
de esta especie no nativa, sino que 
también podrían respaldar la 
inclusión de C. ruber en la lista de 
especies exóticas invasoras de la 
Unión Europea. 
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Chapter 1. General Introduction 

1.1. Preamble 

The growing threat of invasive 
alien species to the world's marine 
ecosystems is one of the most 
important challenges for 
communities and ecosystem 
conservation. Recent research 
(Gallardo et al., 2016; Seebens et al., 
2017; Diagne et al., 2020) highlights 
the particularly severe impact of 
these species on marine biodiversity, 
with a special focus on Oceanic 
Islands (Couchamp et al., 2003; Gien 
et al., 2023). Within this issue, 
crustaceans emerge as one of the 
most harmful groups. Their ability 
generate high negative impacts on 
ecosystems through  interactions 
with autochthonous communities is 
noteworthy (Walton et al.,  2002; 
Hánfing, 2011). 

Invasive crustaceans, in 
particular, have a great capacity for 
adaptation and dispersion, 
significantly altering native 
communities through their eąects as 
eĆcient predators (Hollebone and 
Hay, 2008). These organisms have 
not only been identified as some of 
the most successful invasive species 
(Galil, 2011) but have also 
demonstrated the ability to growt to 
high population densities, competing 
aggressively with native species for 

resources such as shelter and food 
(Brockerhoą and McLay, 2011). Within 
the crustacean family, predatory 
brachyurans stand out for their 
successful adaptation and 
dispersion, leading to a significant 
impact on population parameters 
over time (Rato et al., 2021). There are 
various species known for this 
behavior, such as the green crab 
Hemigrapsus sanguineus (de Haan, 
1835), the blue crab Callinectes 
sapidus Rathbun, 1896, the european 
green crab Carcinus maenas 
(Linnaeus, 1758), and the mangrove 
tree crab Aratus pisonii (H. Milne 
Edwards, 1837). These species exhibit 
diąerent feeding behaviors, but all 
have a significant threat to the 
invaded ecosystems (Griąen, 2014). 
Additionally, they can have negative 
consequences on artesanal fisheries 
as they compete for the same 
resources (Márquez et al., 2024). 

This Doctoral Thesis focuses on 
the crab Cronius ruber (Larmarck, 
1818), a pantropical invasive non-
indigenous species introduced to the 
Canary Islands. Although the specific 
vector of its introduction is unknown, 
invasive species like C. ruber often 
capitalize on human infrastructure 
for their dispersion. Specifically, 
oąshore oil platforms have emerged
as critical vectors in introducing
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invasive species to the Canary 
Islands, including fish and corals 
(Brito et al., 2017; González et al., 
2017; Espino et al., 2018; Rodríguez et 
al., 2020; López et al., 2022). The port 
of Las Palmas (Gran Canaria), 
considered an international center for 
naval repairs of oil platforms since 
2011 (López et al., 2019), appears to 
have a critical role in this dynamic. 
The correlation between the arrival of 
these platforms from the coasts of 
West Africa and the appearance of C. 
ruber in Gran Canaria suggests a 
significant connection (Pajuelo et al., 
2016; González et al., 2017). 
Furthermore, marine port 
infrastructures, such as these 
platforms, provide an ideal 
environment for invasive species to 
establish and spread to nearby areas 
(Castro et al., 2011), supporting the 
idea that human activities in harbour, 
ports and oil platforms significantly 
contribute to the dispersion of 
invasive alien species like C. ruber. 
 
 

1.2. Crustaceans: Feeding 
patterns and diet 
composition 

 
There is evidence suggesting 

that the shape and size of the crabs’ 
carapace, as well as the size of their 
intestine, may be evolutionarily 
determined by their dietary needs. 
The quality of the diet they consume 

can influence the width of their 
intestine (Villa et al., 2023). 

These crustaceans have a 
versatile diet as they feed on both 
plants and animals. Their feeding 
habits can vary depending on the 
species and the environment they 
inhabit. The feeding of brachyurans is 
closely linked to their ability to adapt 
to diąerent environments, enabling 
them to tap into a wide variety of food 
resources (Kraemer et al., 2007; 
Garbary et al., 2014) . These marine 
organisms are generalist consumers 
(Weis, 2010; Kotta et al., 2018), 
meaning they are omnivores and feed 
on a wide range of preys. 
 

In the studies carried out with 
Cronius ruber, it has been 
demonstrated through the analysis of 
its stomach contents that it has a 
wide variety of prey in its diet, which 
characterizes it as a generalist 
predator. During night dives, prey 
consumption and cannibalistic 
behavior was observed in situ (Figure 
1.1), feeding on the shells of C. ruber 
during molting; this behavior was 
observed in all ontogenetic groups. 
Variability was identified in the 
feeding preference of C. ruber among 
diąerent ontogenetic groups and 
seasons, evidencing fluctuations in 
prey choices according to ontogeny 
and seasonal period. As for daily 
ingestion rates based on polychaetes, 
they indicated higher prey 
consumption by juvenile crabs. 
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1.3. Body size, relative 
growth and sexual 
dimorphism: Key factors in 
the reproduction of 
brachyuran crustaceans 
 

The body size of female 
brachyuran crabs plays a crucial role 
in their reproductive success. 
Although some brachyuran families 
face allometric constraints due to the 
limited space within their carapace, 
most crab species avoid this 
limitation by increasing the number 
of embryos produced    annually. This 
strategy involves distributing 
reproductive allocation   over   time,    
rather    than confining it to the limited 
space of the carapace (Hines, 1982). 
This adaptation is essential to 
maximize reproductive eĆciency 
within the physical constraints 
imposed by their morphology. 

Moreover, positive allometric 
growth in brachyuran crabs plays a 
vital role in reproduction. Positive 
allometric growth means that as the 
crab grows, its shell increases in 
width proportionally with length, 
providing more surface area to carry 
a larger number of embryos during 
hatching (Fazhan et al., 2021). This 
morphological adaptation is 
particularly relevant in the study of 
Cronius ruber, where positive 
allometry has been observed in the 

relationship between carapace 
length (CL) and carapace width (CW). 
This indicates that the carapace 
widens in proportion to its length as 
the crab increases in size. 
 

Males of C. ruber, a species of 
brachyuran crabs, have a larger 
carapace tan females. This is a 
common trait in brachyuran crabs, 
evidencing sexual dimorphism in 
these species (Marochi et al., 2013). 
During copulation, the male positions 
himself behind and above the female 
(Shinozaki-Mendes et al., 2020), but 
this tactic could also be to protect her 
during mating, using her larger 
carapace as a protective shield. 
 
The morphological and behavioral 
characteristics of brachyuran crabs 
are intrinsically linked to their 
reproductive success and survival 
strategies in their environment. 
Invasive alien species that exhibit 
diąerential morphological traits may 
possess ecological advantages that 
would increase their likelihood of 
stability (Ferré et al., 2021). 
 

1.4. Key Factors in the 
growth of Brachyuran 
crustaceans 

 
Understanding the ecology and 

dynamics  of  populations  requires   a 
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Figura 1.1. Foraging behaviour of Cronius ruber under natural conditions(a-h) as a predator and 

(h) as prey. Diąerent prey  devoured at night: (a) Eurythoe complanata (Polychaeta), (b) Pilumnus 
villosissimus (Brachyura), (c) head of Similiparma lurida (Fish), (d) Haliotis tuberculata coccinea 
(Gastropoda), (e) Aplysia dactylomela (Gastropoda), (f) Bulla mabuler (Gastropoda), (g) Mactra 

stultorum (Bivalvia) and (h) Octopus vulgaris (Cephalopoda) preying on C. ruber. 
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deep understanding of one of their 
most crucial life processes: growth 
(Chang et al., 2012). The growth rate 
in crustaceans varies significantly, 
with diąerences observed within the 
same species and between species  
(Hartnoll, 1982). 
 

Lifetime growth in crustaceans is 
governed by two key elements: (a) 
the molting process, which involves 
the physiological accumulation of 
molt reserves; and (b) the molt 
pattern. Each of these components is 
influenced by multiple factors. While 
the initiation of molt is often 
regulated by hormones, it constitutes 
an intricate physiological process, 
(Aiken, 1980; Hartnoll, 2001). 

 
The molting of crabs is a 

mechanism of adaptation and 
growth. This process allows them not 
only to grow, but also to combat 
mechanical aging. Decapods can molt 
their exoskeleton more than twenty 
times during their life (Skinner, 1985). 
Molting is essential for their growth, 
which can be determinate or 
indeterminate (Hartnoll 1982; 
Hartnoll, 2001). 

 
The growth of crabs, whether 

determinate or indeterminate, is 
intrinsically linked to their molt 
cycles. Species with determinate 
growth, the size they can reach is 
limited, whereas in species with 
indeterminate growth, they can 

continue to grow throughout their 
lives, provided conditions are 
favorable and they can successfully 
molt (Vogt, 2012). 
 

The growth pattern of crabs is 
developed by a dynamic interplay of 
extrinsic factors, as temperature, 
salinity and food availability, and 
intrinsic factors,  as hormonal control. 
These elements, in conjunction with 
strategies inherent to their biological 
cycle, generate a remarkable 
diversity in their growth patterns 
(Chang et al., 2012). These elements 
can operate in isolation or together, 
significantly influencing both the rate 
and nature of growth in crustaceans. 
 

Diet is a crucial factor in the 
growth of crabs. Diet and food 
availability have a major impact on 
various aspects of their development. 
The quality and quantity of available 
food directly influence their growth 
rate, although this depends on 
particular conditions (Gencer and 
Aguilar, 2023). 

 
Both the growth and 

reproduction of crustaceans involve a 
high energetic cost. There are 
obvious trade-oąs between these 
two critical processes in the life 
history of organisms, (Abrams and 
Rowe, 1996). The brachyuran 
Carcinus maenas stops its growth 
through a process known as terminal 
molt, an evolutionary strategy 
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designed to maximize its 
reproductive eĆciency (Styrishave et 
al., 2008). 
 

In the environment, especially 
in factors such as temperature, has a 
critical role in the hormonal control of 
organisms, which in turn aąects the 
sensitivity of their molting cycle to 
environmental variations. 
Specifically, in the case of juvenile 
crabs of the species Portunus 
pelagicus (Linnaeus, 1758), 
environmental conditions such as 
temperature and salinity have been 
observed to influence their growth 
rate. However, recent studies, such 
as those conducted by (Liu et al., 
2022; Apriliano et al., 2023), have 
shown that this impact on growth 
rate is not significant. 

The crab Cronius ruber exhibits 
a positive allometry in its relationship 
between carapace length (CL) and 
carapace width (CW), indicating that 
carapace width increases 
proportionally more than carapace 
length as the crab grows. In terms of 
growth, males experience a greater 
than 638% increase in size, while 
females grow by 443%. During the the 
early stages of his life, crabs go 
through 13 molts until they reach a 
size of 30 mm carapace width (CW). 
After this point, and until the end of 
their life, only 6 additional molts 
occur, including a terminal molt 
(Figure 1.2). The life expectancy of 
the crab until the terminal molt is 
approximately 2.5 years, and the 
survival period following this terminal 
molt exceeds 1.5 years. 

 
 
 
 

 
Figure 1.2. Moulting of Cronius ruber in one of the experimental tanks. 
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1.5. Main objetives 
 
The main goal of this 

dissertation thesis is to explore the 
knowledge of  Cronius ruber, an 
invasive species for which there is 
limited information. This study focuses 
on understanding its life cycle and 
ecology, especially in the coastal 
ecosystems of the Canary Islands 
(central-northeast Atlantic).  

 
Specifically, this thesis 

addresses in one of its chapters the 
feeding, diet and food habits of C. 
ruber, exploring its role as a predator in 
the ecosystem. Another chapter 
investigates the reproductive aspects 
of C. ruber, focusing on maturity, 
development and fecundity, thus 
contributing to the understanding of 
its population dynamics. Finally, a 
chapter deals with the growth of the 
species, providing crucial data on its 
development and maturation. These 
findings are crucial to develop 
strategies for the management and 
population control of C. ruber in its 
invasive habitats. 
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Chapter 2. Relevance of feeding ecology in the 
management of invasive species: Prey 
variability in a novel invasive crab 
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Chapter 3. Reproductive features of the crab 
Cronius ruber (Brachyura, Portunidae) on the 
Canary Islands (Central Eastern Atlantic, Spain 
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Chapter 4. Growth patterns of the invasive 
crab Cronius ruber (Brachyura, Portunideae) in 
the Canary Islands (Central – East Atlantic) 
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Chapter 5. Conclusions 
 

1. Cronius ruber is a generalist 
mesopredator that forages among 
a range of species belonging to 
Crustacea, Mollusca, Annelida, 
Echinidea and Teleost groups. 
 
2. Some of the prey observed in the 
underwater surveys, were absent 
or unidentified in gut content of 
Cronius ruber. 
 
3. Cannibalistic behaviours were 
observed in Cronius ruber.  
 
4. Juveniles of Cronius ruber 
consume more prey items per day 
than old individuals. 
 
5. Males have a larger  carapace size 
than females, and the same goes for 
weight.  
 
6. Males of Cronius ruber exhibit 
agonistic behaviour. 
 
7. Predators observed on Cronius 
ruber were Octopus vulgaris, 
Octopus Macropus, Mycteroperca 
fusca, Ephinephelus marginatus, 
Aetomylaeus bovinus and Taeniura 
grabata. 
 
8. Throughout ontogeny, a change 
in the relative growth was 
observed, between ≈54-58 mm 
carapace width for males and ≈50 

mm carapace width for females.  
 
9. Positive allometry in the growth 
of the males’ chelaes and for the 
females’ abdomen were recorded.  
 
10. Cronius ruber is a fast-growing 
species that reaches the 
postpubertal growth phase 
(maturity) between 0.5 and 1 year 
of age in males and between 0.4 and 
0.8 years in females.  
 
11. The intermoult period increases 
by more than 600% in males and 
400% in females with age.  
 
12. During the first phase of life 
Cronius ruber has 13 moults (until 
30 mm carapace width) and from 
then until the end of life is reduced 
to 6 moults. 
 
13. Cronius ruber has a terminal 
moult.  
 
14. The life span until the terminal 
moult is 2.5 years and the 
subsequent survival time is more 
than 1.5 years.  
 
15. von Bertalanąy growth 
parameter were estimated for 
males: L∞=97.4 mm carapace 
width,  k=1.89 years-1, to=0.31 years, 
and for females: L∞=86.72 mm 
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carapace width,  k=1.91 years-1, 
to=0.29 years. 
 
16. Females were more abundant 
than males, mainly in the size range 
between 25 and 80 mm carapace 
width. Only males were observed in 
size classes above  80 mm carapace 
width. 
 
17. Reproduction of Cronius ruber is 
continuos throughout the year, 
with a new oviposition immediately 
after the end of the egg incubation 
period.  
 
18. The oviposition process can be 
repeated in females up to six times,  
without re-mating,  due to the 
sperm stored by females  in the 
spermathecae.  
 
19. Sexual maturity was estimated 
at a similar size in both sexes, 
corresponding to ≈57-59% of their 
maximum observed size.  
 
20. Egg development appeared to 
be completely synchronous, with a 
development period lasting slightly 
less than 1 month.  
 

21. The mean fecundity was 
approximately 600.000 eggs, with a 
maximum observed fecundity near 
to 1 million eggs.  
 
22. This species shows a high 
reproductive potential, 
characteristic of invasive species. 
 
23. For females, length upon sexual 
maturity was estimated as 
approximately 49 mm carapace 
width and for males as 52 mm 
carapace width. 
 
24. Female fertilisation occurs after 
ecdysis.  
 
25. Isolated females had up to six 
ovipositions and egg extrusion 
events occurred from 1 to 6 months 
after isolation. 
 
26. The results represent the 
baseline for future studies on the 
impact of this invasive non-
indigenous species NIS, and form 
part of arguments to include 
Cronius ruber on the list of invasive 
alien species of European Union 
concern. 
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