
Spatial and temporal patterns of subtidal and intertidal
crabs excursions

A.C.F. Silva a,⁎, D.M. Boaventura b,c, R.C. Thompson d, S.J. Hawkins e,f,g

a CVRM-Geosystems Centre, Instituto Superior Técnico, Av. Rovisco Pais, Lisboa 1049-001, Portugal
b Escola Superior de Educação João de Deus, Av. Álvares Cabral, 69, Lisboa 1269-094, Portugal
c Laboratório Marítimo da Guia, Estrada do Guincho, 2750-374 Cascais, Portugal
d School of Marine Science & Engineering, University of Plymouth, Drake Circus, Plymouth PL4 8AA, UK
e Ocean and Earth Science, National Oceanography Centre Southampton, University of Southampton, Waterfront Campus, Southampton SO14 3ZH, UK
f School of Ocean Sciences, College of Natural Sciences, Bangor University, Menai Bridge, UK
g The Marine Biological Association of the United Kingdom, The Laboratory, Plymouth, Devon, UK

a b s t r a c ta r t i c l e i n f o

Article history:
Received 22 November 2012
Received in revised form 19 April 2013
Accepted 27 June 2013
Available online 5 July 2013

Keywords:
Intertidal
Subtidal
Mark-recapture
Crabs
Tidal height and Phase
Prey

Highly mobile predators such as fish and crabs are known to migrate from the subtidal zone to forage in the inter-
tidal zone at high-tide. The extent andvariationof thesehabitat linkingmovements along the vertical shore gradient
have not been examined before for several species simultaneously, hence not accounting for species interactions.
Here, the foraging excursions of Carcinus maenas (L.), Necora puber (Linnaeus, 1767) and Cancer pagurus (Linnaeus,
1758) were assessed in a one-year mark-recapture study on two replicated rocky shores in southwest U.K. A com-
parison between the abundance of individuals present on the shore at high-tide with those present in refuges
exposed at low-tide indicated considerable intertidal migration by all species, showing strong linkage between
subtidal and intertidal habitats. Estimates of population size based on recapture of marked individuals indicated
that an average of ~4000 individuals combined for the three crab species, can be present on the shore during one
tidal cycle. There was also a high fidelity of individuals and species to particular shore levels. Underlying mecha-
nisms for these spatial patterns such as prey availability and agonistic interactions are discussed. Survival rates
were estimated using the Cormack-Jolly-Seber model from multi-recapture analysis and found to be considerably
highwith aminimumof 30% for all species. Growth rateswere found to vary intraspecificallywith size and between
seasons. Understanding the temporal and spatial variations in predation pressure by crabs on rocky shores is depen-
dent on knowing who, when and how many of these commercially important crab species depend on intertidal
foraging. Previous studies have shown that the diet of these species is strongly based on intertidal prey including
key species such as limpets; hence intertidal crabmigration could be associatedwith considerable impacts on inter-
tidal assemblages.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Animal movements can occur on various temporal and spatial
scales. Small-scale (metres) migrations associated with circadian and
circatidal rhythms are typical of many crab species (Gibson, 2003). For
example, intertidalmigration has been extensively studied for the com-
mon shore crab Carcinus maenas, and the majority of studies attribute
this behaviour to foraging (e.g. Burrows et al., 1999; Crothers, 1968;
Edwards, 1958; Hunter and Naylor, 1993; Mascaró and Seed, 2001;
Naylor, 1958, 1962; Reid and Naylor, 1989; Warman and Nailor,
1995). Large-scale movements (kilometres) are also known to be an
integral part of the life history of many migrating crabs and these can
be related to ontogenic shifts in resource use (e.g. Mosknes, 2002),

reproductive events (e.g. Aguilar et al., 2005) and to avoidance of
harsh environmental conditions (e.g. Allen, 1966).

In the southwest U.K., Necora puber, Cancer pagurus and C. maenas
are abundant crabs (Silva et al., 2010a), and generally considered to
be commercially important species in Europe. The first two are primar-
ily considered to be subtidal species and although they regularly feed in
the intertidal (Silva et al., 2010a), little is known about how their
subtidal–intertidal and within intertidal movement patterns. These
subtidal and intertidal crabs have been shown to be key intertidal pred-
ators in southwest U.K. (Silva et al., 2008, 2010b). Hence, it is important
for our understanding of the importance of rocky shores as a feeding
habitat and for themanagement of these species, to study their popula-
tion dynamics in the context of habitat linkages. There is currently lim-
ited knowledge on: i) how many of each crab species undertake daily
intertidal foraging excursions, ii) what is their movement range and at
what spatial scales it varies and, iii) which ontogenic stages are associ-
ated with these excursions.
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Spatio-temporal patterns of movement, dispersal and habitat use
are key information on population dynamics and community ecology
(Turchin, 1991), and in the case of important predators that control
prey populations (e.g. limpets) such as the crabs studied here (Silva et
al., 2008, 2010a,b), can help predicting their impact on prey popula-
tions. Population dynamics are strongly related to growth patterns,
which are meaningful for many size-dependent ecological processes
such as diet. Frequently, small individuals are subject to higher preda-
tion mortality and the faster they grow the more rapidly this mortality
decreases (Jennings et al., 2001). In crabs, growth rate is strongly
influenced by temperature,with larger increments occurring inwarmer
months (Hartnoll, 1982). Equally, it is paramount to estimate survival
rates, in order to understand population dynamics including density-
dependent processes such as intra-specific and interspecific competi-
tion (Miller and Smith, 2003).

Mark-recapture methods are commonly used to address hypotheses
on population dynamics in crustaceans (Hartnoll, 2001). In subtidal hab-
itats, the mark-recapture technique has been applied to large scale
(kilometres) migration patterns of lobsters and crayfish (e.g. Bell et al.,
2003; Dunnington et al., 2005), but has seldom been used to analyse
small scale migration between the subtidal and intertidal habitats (but
see Edwards, 1958; Holsman et al., 2006). More importantly, no study
has assessed subtidal–intertidal and within intertidal level movements
ofmultiple species simultaneously,whenpotential interspecific agonistic
and synergistic interactions are likely to occur between predators con-
suming temporally limited intertidal resources, and potentially influenc-
ing their intertidal usage pattern.

The present study aims to identify if there is a subtidal–intertidal link-
age established by foraging crabs and to examine patterns of spatial and
temporal partioning in the use of the intertidal. Two main questions
where posed: what is the extent of subtidal–intertidal migration, and
what is the fidelity of crabs to specific shore heights for each tidal
phase? We accomplished this by examining the extent of movements
of C. maenas,N. puber and C. pagurus. The spatial and temporal individual
movement patterns and, growth and survival rateswere assessed using a
long-term (one year)mark-recapture experiment at two shores in south-
west U.K. We also investigated differences in growth rate between sum-
mer and winter, to better understand temperature constraints. A novel
aspect of this studywas that several specieswere studied simultaneously
together with information on tidal position, hence allowing an interspe-
cific comparison of distribution patterns and examination of overlapping
resource usage between species. For each species, the following specific
questions were asked: (1) are individuals present in the intertidal at
the low-tide different from those present at high-tide, (2) what is the
spatialfidelity of individuals to tidal heights, i.e. are individuals associated
with particular shore heights, (3) what are the annual survival and sea-
sonal (winter and summer) growth rates and, (4) what are the popula-
tion sizes?

2. Methods

2.1. Sampling sites and techniques

Two rocky shoreswere sampled (Mount Batten— 50°21′N, 4°07′W&
Jennycliff— 50°21′N, 4°07′W) in southwest U.K, during 2006–2007. The
shores are ~1 km apart but physical separated by an artificial pontoon
and natural rock outcrop that extend far into the sublittoral area, hence
greatly impeding any crab movement between shores. Two shore levels
were defined: upper shore approximately 4 m above Chart Datum (CD),
and the lower shore approximately 1 m above CD. On both shores, there
was at least a 50 m gap between shore levels which were defined
according to the biological zonation pattern. The upper corresponded
to the barnacle dominated zone and the lower shore to the red algae
zone. Samplingwasmade at high-tide and low-tide for both shore levels.
Sampling at high-tide used standard commercial crab traps (55 cm
long × 40 cm wide × 30 cm high, 1 cm mesh size), moulded in heavy

duty plasticwith twoentrances of 8 cmdiameter and a bait tube (Coastal
Fishing Supplies U.K.). These were fixed to the rock platform via anchor-
ing points. Traps are an efficient method to catch crabs and have previ-
ously been shown to be efficient in capturing the species considered in
this study (Miller, 1990; Silva et al., 2010a). On each sampling date,
three traps were positioned at least 40 m apart within a 1000 m2 area
at each shore level on each shore. This separation was considered suffi-
cient to ensure independence of the areas fished (see Miller, 1990).
Traps were baited with ~300 g fresh cut Trachurus trachurus L. as this
bait had been proven successfully in preliminary trials, and left for a
single nocturnal high-tide when crab activity is known to be greatest
(Dare and Edwards, 1981; Hunter and Naylor, 1993). In addition to
using traps during high-tide, low-tide observations were made during
the day to establish the extent to which predators captured at high-
tide were intertidal or subtidal populations. Surveys were made by
performing 1 h searches amongst boulders/crevices at each shore level
on both shores. The study was run over a one year period (September
2006–2007) and both high and low-tide sampling (tagging at low-tide
and recapture at low and high-tides) were undertaken for two days
each spring tide, approximately every 2–4 weeks, adding up to 24 recap-
ture visits in one year.

2.2. Tagging

A key assumption ofmark-recapture studies is that tag retention and
visibility are reliable throughout the duration of the study. A particular
difficulty in crustacean tagging is the ability to identify individuals for
long periods because of loss of external tags through ecdysis. The Visible
Implant Elastomer (VIE) consists of a non-toxic biocompatible fluores-
cent liquid injected into the tissue of the crabwith a hypodermic needle
where it cures into a pliable solid (Northwest Marine Technology™). It
has been shown to be highly efficient for crustaceans such as prawns,
crabs and lobsters, and to have an extremely high moult-retention rate
(consistently above 90%) for periods of up to 18 months (Linnane and
Mercer, 1998). It is also suitable for use on living organisms since it is
non-toxic for crabs or if ingested by humans (Northwest Marine Tech-
nology™, USA). The elastomer does not alter behaviour, survival or po-
tential for recapture and, there is a minimal mortality resulting from
tagging procedure (Frisch and Hobbs, 2006).

For both trap and low tide searches and at time of first capture,
C.maenas, N. puber and C. pagurus individuals were tagged and released
during low-tide as close as possible to the collection area. Hence, trapped
crabs were marked and released closely to each corresponding trap and
hand-collected crabs were released along the search transect. All trap
and hand collected search crabs were tagged in the same day of capture.
In total, marking time lasted 30 days. Only individuals larger than
10 mm carapace width were tagged since tag retention and survival
rates are potentially lower in smaller individuals (Linnane and Mercer,
1998). Tags were implanted ventrally by inserting the Visible Implant
Elastomer (Northwest Marine Technology, Washington, USA) with a
hypodermic syringe intramuscularly, from the edge of the sternite to
the basis segment of the pereopods. Care was taken to end the flow of
elastomer before the needle was drawn back to prevent the elastomer
from trailing out of the injection hole and curing exteriorly. The volume
of injected material was adjusted according to the size of the crab. Tags
were clearly readable with the naked eye, but visibility was enhanced
by illumination with ultraviolet light. Crabs were handled ~1–3 min
depending on howmany colours had to be injected in the legs. A combi-
nation of 5 elastomer colours and tag locations (i.e., left or right side in
any of the pereopods) allowed individual markings for hundreds of indi-
viduals per shore. High-tide individualswere distinguished from those at
low-tide individuals with an individual code, as were different tidal
levels at the time of first capture. Tagging occurred every day that tidal
conditions allowed accessing the lower shore lasting in total ~3 months.
The longest period between tagging and recapture was approximately
11 months, and the shortest 2 weeks. At each marking event, the

344 A.C.F. Silva et al. / Journal of Sea Research 85 (2014) 343–348



Download English Version:

https://daneshyari.com/en/article/6387416

Download Persian Version:

https://daneshyari.com/article/6387416

Daneshyari.com

https://daneshyari.com/en/article/6387416
https://daneshyari.com/article/6387416
https://daneshyari.com

