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Effect of urban isolation on the dynamics of river crabs

Massimiliano Scalici'*, Daniele Macale', Francesca Schiavone',
Francesca Gherardi? and Giancarlo Gibertini’

With 3 figures and 2 tables

Abstract: European river crabs usually disappear from areas affected by human activities. However, a Potamon
fluviatile population was recently recorded within an archaeological excavation in the historical centre of Rome.
Since adaptation of river-dwelling brachyurans to urban habitat is rare, we focused on some aspects of population
dynamics which are considered to be strictly related to important biological processes and to the adaptation degree
of a population to its habitat. To do so, length-frequency distributions of four Italian populations were obtained
using the carapace length and the subsequent data was analyzed by the FiSAT program. The Roman population
exhibited a lower growth rate (as demonstrated by ANCOVA) and higher asymptotic length and longevity than the
other populations, suggesting that Roman crabs are affected by gigantism. Isolation was confirmed by the absence
of crabs in adjacent water systems and in the urban tract of the River Tiber, and could be a result of the progressive
expansion of the city of Rome. On the other hand, an alternative explanation could be represented by a historical
transfaunation from western Greece. Excluding recent intentional introduction by man, the presence of P. fluviatile
in the city of Rome is thus probably the result of this species’ ecological preferences and physiological constraints
coupled with its evolutionary history, human interference, and colonisation events. It is, therefore, necessary to
devise a conservation plan to protect this relict population as its preservation should be considered as important as

the preservation of the historical monuments.
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Introduction

Inland waters are among the systems most affected by
human activities (Dynesius & Nilsson 1994, Naiman &
Turner 2000). Among anthropogenic factors, land-use
and urban development have, in fact, been responsi-
ble for altering species composition (e.g. Richter et al.
1997, Jansson et al. 2000), food web structure (Woot-
ton et al. 1996), nutrient cycling (Johnes 1996, Meyer
et al. 1999), and ecosystem functioning (Vorosmarty
et al. 2000). The timing, amount, and type of inputs of
water, light, organic matter, etc. associated with urban
expansion may modify and lead to degradation of river
functionality for large extensions, with serious conse-
quences for the whole aquatic system (Strayer et al.

2003). These are the main reasons why today only a
few aquatic sinanthropic species find space in urban
areas (e.g. Wootton et al. 1996). Pollution, homogeni-
zation, habitat fragmentation, and geographic isolation
further increase the risks of species extinction (Polis
et al. 1997, Hanski 1998), these risks being amplified
by a progressive fragmentation (e.g. Wolf 1987, Soulé
1991, Simberloff 1992, Kruess & Tscharntke 1994,
Turner & Corlett 1996, Bascompte & Solé 1998, Did-
ham et al. 1998).

Among the few aquatic sinanthropic species, the
river crab Potamon fluviatile (Herbst, 1785) is consid-
ered a new urban species (Schiavone et al. 2007). It
usually inhabits relatively undisturbed lentic and lotic
habitats (Pretzmann 1987, Barbaresi & Gherardi 1997,
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Barbaresi et al. 2007) in Italy, Malta, southern Dalma-
tia, Albania, Macedonia, western and southern Greece,
and the western lonian and Aegean Islands (Brandis et
al. 2000, Maurakis et al. 2004, Noel & Guinot 2007).
In recent years, following the same trend revealed for
other European indigenous freshwater decapods such
as crayfish (see Souty-Grosset et al. 2006), popula-
tions of P. fluviatile have drastically declined in abun-
dance across their entire distribution range (Barbaresi
et al. 2007).

Ten years ago, a river crab population was recorded
in the archaeological excavation of the Imperial Fo-
rum in the historical centre of Rome. This was the first
record of a freshwater decapod in a metropolis, with
the exception of two exotic species: the Asian crab
Eriocheir sinenis in the River Thames, London (Her-
borg et al. 2005), and the Turkey crayfish Astacus lep-
todactylus in central London (Wiltshire & Reynolds
2006).

Given the peculiarity of this population, our goal
here was to evaluate the adaptation of river crabs to
this urban habitat by studying some aspects of its
population dynamics, including growth and mortality
rate, under the rationale that these are related to main
biological processes, such as alimentation, predation,

and fecundity (i.e. Sparre & Venema 1996). To this
aim, we used the sequential length-frequency data ap-
proach (Gayanilo & Pauly 1997), which provides in-
formation concerning the adaptation of a population to
its habitat. This analytical approach can also serve as a
useful tool to better understand the conservation status
of a population of concern. Population dynamics have,
in fact, become part of monitoring activities of aquatic
ecosystems as stipulated by the Water Framework Di-
rective (2000/60 ECC).

Material and methods

The Imperial Forum of Rome (instituted today as an archaeo-
logical area, Fig. 1) was built between the 1* century B.C. and
the 2™ century A.D. in a small marshy valley, which today is
completely altered through urbanisation. In order to canalise
the drainage-water, the Romans built a drainpipe system called
‘Cloaca Maxima’ (the largest still-functioning basin) from the
Roman Forum to the River Tiber. In spite of the uncontrolled
development, a great part of the artificial water system (con-
stantly fed by underground sources) has always remained above
ground for at least 100 square meters. The superficial channels
are 50 cm wide; water level ranges between few centimetres
and 1.5 m, depending on precipitation.

The study was conducted in this area from May to Septem-
ber 2004-2006. During each sampling, crabs were caught by
hand, sexed, and measured using the image analysis program

Fig. 1. A current panoramic view of the Trajan Forum (a) and a hypothetical condition of the study area before the Roman settle-
ment (b). The rectangle in (b) delimits the sampling site, while the dotted line indicates the ancient perimeter of Rome (today the
historical town centre).
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Image Tool (available on http://ddsdx.uthscsa.edu/dig/down-
load.html). To obtain the carapace length (CL), a picture (cali-
brated against a graph paper) was taken using a digital camera
placed at 20-25 cm from the carapace in order to limit spherical
distortion and parallax problems. Before release, crabs were in-
dividually heat-marked on the coxa of the right or left limbs by
a little soldering gun and on the carapace by waterproof paint
in order to avoid duplication of measurements on the same crab
and then pseudo-replications during the statistical elaboration.
Before their release crabs were disinfected using mercuro-
chrome.

Body size data were used to generate polymodal frequency
distribution histograms and then analyzed by the Electronic
LEngth Frequency ANalysis (ELEFAN) method. ELEFAN,
part of the FiSAT computer program (FAO 2004), was used for
the computation of the growth parameters by applying the Von
Bertalanfty (1938) formula:

L(t) = L..{1-exp[—k(t-t,)]}

where L(t) is the length at age t, L., is the asymptotic length
(here computed as L,,/0.95, where L ,, is the maximum re-
corded length, according to Beverton 1963, and Pauly 1981), k
is the curvature parameter, and t, is the initial condition param-
eter. The ELEFAN method is based on the computation of two
elements: “available sum of peaks” (ASP) and “explained sum
of peaks” (ESP). Here we used the scan of k-values, which al-
lows for an estimate of the curvature parameter by a plot of the
fit index (i.e. Rn = 10%745%/10) vs. k. The highest Rn value ob-
served in the diagram corresponds to the estimated population
curvature parameter (for more details see Gayanilo & Pauly
1997).

Size-frequency distribution analysis is a traditional method
in aquatic science. It has been used to distinguish between mo-
dal size groups and to estimate demographic parameters when
hard body structures with annuli (i.e. otoliths, opercular bones,
vertebrae, etc.) are absent, making it particularly difficult to es-
timate the age of e.g. crustaceans (France et al. 1991, Sparre &
Venema 1996, Reynolds 2002). Although crustaceans obvious-
ly differ from fish in their non-continuous growth pattern, their
average body growth seems to conform to the Von Bertalanfty
model, making it possible to perform a size-frequency distri-
bution analysis (for discussion on the modelling of crustacean
population dynamics see Garcia & Le Reste 1981, Jamieson &
Bourne 1986, Caddy 1987, and Scalici et al. 2008).

Three other population parameters were also computed:

1) the growth performance index (") from the equation (Pauly
& Munro 1984)

@ =Logk + 2LogL..;

2) the expected longevity (t,,,) from the equation (Gayanilo &
Pauly 1997)

thax = 37K;

‘max

3) the total mortality index (Z, the sum of natural mortality and
the mortality due to fishing) from the Powell-Wetherall Plot
equation (Powell 1979; Wetherall 1986), i.e. the ratio between
the mortality coefficient and the curvature parameter (Z/k).

In this study, Z is considered equal to natural mortality,
since the study population is not subjected to fishing.

Finally, parameters obtained for the Rome population (RM)
were compared with data from other crab populations collected
by (1) M..S. during a monitoring project on freshwater decapods

in the summers 2003-2004 in the L.I.P.U. (Italian League for
the Preservation of Birds) preserved area of Castel di Guido
(CG, about 10 km from Rome), (2) by Scalici et al. (2007) in
the Monterano Regional Reserve of Canale Monterano (CM,
25 km from Rome), and (3) by Gherardi (1988) in Borro San
Giorgio, Antella, 5 km from Florence (FL, about 250 km north
of Rome).

Comparisons among populations were made for the curva-
ture parameter values, by testing the relationship between the
curvature parameter and the asymptotic length using the Spear-
man regression test (r,) for randomized data subsets (including
about 30 individuals per set) of each population. We performed
a total of 52 “k vs. L.” regressions, 16 for RM, 10 for CG,
12 for CM, and 14 for FL. Since the two parameters showed
a close relationship (mean values of r, = 0.72, 0.63, 0.71, and
0.75, respectively for RM, CG, CM, and FL, with P always <
0.05), only the curvature parameters were used in order to test
significant differences among growth curves of the analysed
populations by the application of pairwise ANCOVA tests.

Results

In total, 451 crabs were collected in Rome: 184, 106,
and 161, respectively in 2004, 2005, and 2006. In all
the three sampling years, sex ratio was not signifi-
cantly different from 1:1 (P always > 0.05 after the
x> test with Yates® correction). Moreover, during the
study period we collected only few (5) females carry-
ing juveniles (Table 1).

In order to perform the electronic length frequency
analysis, crabs were grouped per sampling year (heat-
mark method makes it possible to avoid statistical
pseudo-replication), and three different CL-frequency
distributions were obtained by using a 5 mm CL inter-
val size-class. From the analysis of the polymodal fre-
quency distributions, 15 growth lines were observed
(Fig. 2), each line corresponding to 1 year of age.

Detailed results with Von Bertalanffy parameters
(k and L.) and derivatives (i.e. &', t,,., and Z) are
given in Table 2. The expected longevity (t,,,, = 14.29)
reflected the number of growth lines and the mortal-
ity index (Z) was very low. Table 2 also summarizes
the population properties of the other three Italian crab
populations analyzed. RM exhibited lower values of k

Table 1. Data entry, carapace length (CL) and litter size (number
of juveniles, No.) of the recorded females carrying juveniles
within the Trajan Forum drainage system.

date CL (mm) No.
8™ August 2004 44 8
12" July 2005 55 64
24™ July 2005 48 35
27" July 2005 49 53
19" July 2006 52 43
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Fig. 2. Growth model of the Roman
crab population obtained by ELE-
FAN. Black lines correspond to age in
years (1 line = 1 year) and black bars
represent the size-frequency diagrams
obtained by using the carapace length
of each individual captured during the
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Table 2. Values of growth rate and dynamic parameters of the
studied crab populations: RM = Rome, Imperial Forum); CG
= Castel di Guido population; CM = The Monterano Regional
Reserve of Canale Monterano (Scalici et al. 2007); FL = Borro
San Giorgio, Antella, Florence (Gherardi 1988). Acronyms: @
= growth performance index; k = curvature parameter; L., = as-
ymptotic length; t,,,, = expected longevity; Z = total mortality.

site k (1/year) L., (mm) @’ toax (Year) 7

RM 0.21 70.05 3.01 14.29 0.84

CG 0.34 58.43 3.06 8.82 1.63

CM 0.35 57.89 3.07 8.57 1.48

FL 0.31 62.11 3.08 9.68 1.31
80 r
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Fig. 3. Growth pattern comparison among four Italian river crab
populations: 1) RM = Rome, Imperial Forum); 2) CG = Castel
di Guido population; 3) CM = The Monterano Regional Re-
serve of Canale Monterano (Scalici et al. 2007); 4) FL = Borro
San Giorgio, Antella, Florence (Gherardi 1988).

and Z and higher values of L_ and t,,, than CG, CM,
and FL. The growth performance index (@") showed
no differences among populations, whereas k in RM
had a significantly lower value than in the other popu-
lations (P always < 0.01 after pairwise ANCOVAs).
Comparisons of growth patterns among populations
are shown in Fig. 3.

three study years. Size-frequency dia-
grams refer to May.

Discussion

Our results show that, similarly to the indigenous
crayfish Austropotamobius pallipes (Lereboullet,
1858) (Brusconi et al., in press; Scalici & Gibertini
2007, Scalici et al. 2008), P. fluviatile has a relatively
slow growth rate, its curvature parameter value being
typical of a tendentially K-selected species. However,
the studied population exhibits a different growth pat-
tern when compared with the other populations. Al-
though all the analysed populations showed the same
growth model (see the values of the growth perform-
ance index, "), curvature parameter (k) and asymp-
totic length (L..) showed inter-population differences.
In particular, in Rome, river crabs showed lower val-
ues of the curvature parameter and higher values in
both the asymptotic length and the expected longe-
vity than the other populations. These results suggest
that the geographically isolated river crabs in Rome
are affected by gigantism, a well known phenomenon
widely studied in several other animal taxa, such as
marine molluscs (McClain et al. 2006), freshwater
and terrestrial insects (Peyrieras 1976, Reinel-Henao
2002), marine crustaceans (Timofeev 2001), poikilo-
therm (Makarieva et al. 2005) and homoeothermic
vertebrates (Lomolino 2005, Meiri et al. 2005). Re-
garding this issue, Roman crabs also showed higher
longevity and bigger body size than those of other
‘non-urban’ populations. Other crustacean species can
also change their growth rate when exposed to stress,
but in these cases, they decrease body size and also
longevity (Li et al. 2002, Anger 2003, Seiler & Turner
2004, Goncalves et al. 2007). In the case of the studied
crab population, isolation, low growth rate, big size,
high longevity, and absence of ill, impaired individu-
als or specimens with abnormal behaviour seem to
suggest that habitat and physical-chemical character-
istics do not represent a limit for crab survival. The
good health status of the Roman crab population may
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probably also be due to urban isolation, which could
represent a barrier for parasites and diseases, such as
for the stone crayfish Austropotamobius torrentium
(Schrank, 1803), the latter being able to increase its
own survival rate due to anthropogenic isolation (Auer
2002). Additionally, lack of competitors and the scarce
presence of predators may have facilitated gigantism
in Rome. In fact, the only predator in the area could
be Rattus norvegicus (Berkenhout, 1769), while other
potential predators (e.g. the herring-gull Larus argen-
tatus Pontoppidan, 1763 and the hooded crow Cor-
vus corone cornix Linnaeus, 1758) usually avoid the
area due to disturbance of permanent human presence
and artificial illumination. Within the study area, fe-
ral cats could also be considered potential predators.
But after several years of observation, the authors have
noted that cats are more inclined to stay in neighbour-
ing areas where they can be nursed by an association
funded by the provincial administration. Only a lim-
ited number of cats can be observed within Trajan
Forum and never to prey on crabs. They probably eat
some decapods, but in this condition their occurrence
seems to have little influence on the crab population.
The limited predation pressure on crabs may explain
the low values recorded for their mortality compared
with those obtained for the indigenous crayfish species
(Brusconi et al., in press; Scalici et al. 2008) and the
other P. fluviatile populations. Crab fishing is an ad-
ditional cause of mortality. In fact, it was extensively
practised in several Italian regions until a few decades
ago and still occurs today, despite the fact that the spe-
cies is protected by local laws (Scalici & Gibertini
2005, Barbaresi et al. 2007, Brusconi et al., in press).
It is plausible that high mortality due to predation and
fishing has affected the growth of exploited river crab
populations, such as in other marine (e.g. Prakash &
Agarwal 1985, Gracia 1996, Gao et al. 2007) and ‘in-
land water’ decapods (Liu et al. 2007), also in accord-
ance with the findings of Beverton & Holt (1964) who
observed that overfishing can cause a decreased indi-
vidual growth rate in clupeid populations. Conversely,
a form of gigantism may occur in scarcely exploited
populations, such as the river crab population inhabit-
ing the centre of Rome.

Although the behaviour of river crabs has been
extensively studied (e.g. Vannini & Gherardi 1981),
their ecology has been relatively neglected. Therefore,
our results are difficult to compare with previous stud-
ies. However, we found some interesting anomalies
compared to other populations. Firstly, we observed
a great difference in water quality between our study
area and the other ones where crabs normally live. In-

habited waters in Rome are eutrophic, being character-
ized by a high content of nitrite (0.8 < NO,” < 5 mg/l),
nitrate (3.5 < NO;™ < 25 mg/l), and total phosphate
(1 < P <3 mg/l) and by low pH values (7.2 < pH <
7.6) (Schiavone et al. 2007). It remains very difficult
to understand how chemical features can affect crab
survival in central Rome, since no specific evidence
exists in literature concerning the correlation between
water quality and crab abundance. Only Barbaresi et
al. (2007) studied the habitat selection of two native
freshwater decapods (A. italicus and P. fluviatile), but
unfortunately, as the same authors admit, they were
limited by the homogeneity of the studied rivers (all of
good chemical quality). The high water quality of all
the analysed streams made it impossible to establish
whether P. fluviatile may be resistant to water pollu-
tion, as often only hypothesized on the basis of field
observation and records in urban and pre-urban areas
(Barbaresi et al. 2007). Also the total water hardness
showed low values within the drainage system (Schia-
vone et al. 2007). However, in the authors’ opinion,
dissolved calcium, bicarbonate, and carbonate in the
Trajan Forum do not constitute a real limit, as crab
can prey on molluscs and eat musk and other epiphytic
algae and plants. In this way, crabs assimilate calcium
and carbonate through feeding.

A second anomaly shown by the P. fluviatile popu-
lation in Rome regards its reproductive period begin-
ning in May until July, in contrast to a population in-
habiting the river of Tuscany, where females are found
to carry juveniles in September (Micheli et al. 1990).
In our study, we observed no coupling animals, but fe-
males carrying juveniles were observed only between
the end of July and the beginning of August. This
anticipation of the hatching period might depend on
temperature, which reaches earlier the required level
for ovarian maturation and reproduction in an urban
aquatic system rather than in natural waterbodies, al-
though at the same latitude (Schiavone et al. 2007).

Recent phylogeographic studies suggest that trans-
faunation might explain the occurrence of P. fluviatile
in Rome, although the origin of the species on the
Balkans and a natural expansion into Italy cannot be
rejected. It currently appears plausible that the species
was introduced to Italy through historic translocation
(Jesse 2007, Jesse et al. 2007), contrasting Pretzmann’s
(1987) statement about a spontaneous movement of P,
Sfluviatile from the Balkans. Apart from the origin of
the crab population inhabiting the centre of Rome (this
phylogeographic debate does not represent an issue of
the present study), the hypothesis that this population
has been isolated due to the development of Rome



172 M. Scalici et al.

seems to be confirmed by the absence of river crabs
in adjacent water systems and in the River Tiber, as
shown by sampling conducted with the help of local
speleologists and professional river anglers. This al-
lows to exclude that the Tiber might have served as a
biological corridor for river crab dispersal. Neither do
crabs seem to use the urban ground to disperse, despite
its high mobility and amphibious habits (Gherardi et
al. 1988a,b). The isolation of the river crab population
as the result of the progressive expansion of the city of
Rome could be a real possibility. Our results suggest
that Roman crabs probably had no time to evolve a
different growth pattern whether colonization of Impe-
rial Forum was a consequence of recent transfaunation
or incidental events (such as the flood that affected a
large part of the historical centre of Rome at the be-
ginning of the last century, Schiavone et al. 2007). In
fact, intraspecific life history variation and reproduc-
tive isolation may have been established over a rela-
tively long timeframe as a by-product of independent
evolution of populations isolated from each others by
geographical distance (Turelli et al. 2001, Irwin et al.
2005). For instance, Cook et al. (2006) showed that
the freshwater life-history transitions due to the ap-
pearance of amphidromy in isolated Paratya austral-
iensis Kemp, 1917 populations probably began in the
early Pliocene. Unfortunately, we currently know little
about the prevalence, and evolutionary and ecological
causes and consequences of variation in life-history
plasticity in the wild (Nussey et al. 2007).

The biological characteristics of a P. fluviatile pop-
ulation inhabiting the city of Rome is thus the result of
this species’ ecological preferences and physiological
constraints coupled with its evolutionary history, hu-
man interference, and colonisation events according
to the theory of Poff (1997). The latter stated that the
presence and abundance of organisms at a specific site
are the result of the action of several multi-scale filters,
including both historical and ecological constraints
ranging from landscape to micro-habitat scales.

We are not able to explain our observation in detail
due to the lack of overall information on the ecology of
P. fluviatile. Differences observed among the studied
populations can also be attributable to environmental
and population features, such as altitude, water flow,
trophic status, distance from source, density, competi-
tion, and human exploitation, as it happens for crayfish
(Momot et al. 1978, Aiken & Waddy 1992, Jones &
Coulson 2006). There is considerable scope for fur-
ther work on dynamic aspects of P. fluviatile and other
crab species, as information on the variation in growth
models for different localities, and an assessment of

the factors affecting moult increment and frequency
remains insufficient. From this viewpoint, dynamics
studies are also useful for planning in situ activities of
monitoring. It is therefore, necessary to devise a con-
servation plan for this relict population of P. fluviatile,
which must be compatible with the archaeological ac-
tivity in the area. The underlying rationale is that this
natural and presumably ancient population should be
preserved with the same priority as historical monu-
ments.
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