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The North American cambarid crayfish Procambarus clarki
(Girard, 1852) has been introduced into many countries in Eu-
rope, Asia and Africa for aquaculture purposes (HOBBS et al. 1989,
HUNER 1989, 1995, HUNER & LINDQVIST 1995). There are some re-
ports that these introductions were followed by the establish-
ment of alien P. clarkii populations in non-endemic areas and
the potencial and actual negative environmental impact there-
after has been regarded as a subject of major ecological concern
(HOBBS et al. 1989, HUNER 1981). The exotic P. clarkii is reported
to cause extensive damages to local benthic fauna and flora (MKOJI

et al. 1999, RODRÍGUES-ALMARAZ & CAMPOS 1994, GUTIÉRREZ-YURRITA

1998), to agricultural activities in flooded areas such as rice plan-
tations (CORREIA & FERREIRA 1995) and to fishing games (HUNER

1981). P. clarkii may also carry potential diseases to other crusta-
ceans such as the fungus Saprolegnia parasitica Coker, 1923
(Saprolegniaceae) and Aphanomyces astaci Schikora, 1922
(Saprolegniaceae) (DIÉGUEZ-URIBEONDO et al. 1994). Transmission
and infection by A. astaci has been implicated in the severe re-
duction in number or even decimation of endemic crayfish popu-
lations in Europe (EVANS & EDGERTON 2002).

Apparently, aquaculture ventures might not have been
the strongest reason why P. clarkii was first introduced in Bra-
zil. Specimens of P. clarkii can be easily found and purchased
in aquarium shops in the city of São Paulo and that this com-
mercial selling has been carried out for almost 20 years (per-
sonal observation). A rapid visit to major aquarium and pet
shops in São Paulo today would show that the trading of P.
clarkii is still a strong business.

In this paper, the adult population size of P. clarkii is esti-
mated in four different occasions in one lagoon at the Alfredo
Volpi City Park, São Paulo, Brazil, by means of Schumacher and
Eschmeyer’s method (KREBS 1999). Some considerations on the
marking technique in this field study is also presented.

MATERIAL AND METHODS

The field study was conducted at Alfredo Volpi City Park,
located in a residential district in the city of São Paulo, Brazil.
The area contains three artificial ponds sequentially connected
but placed on different altimetric levels (Fig. 1). The upper most
pond (23º35’16”S and 46º42’09”W) was chosen for this ex-
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ABSTRACT. The size of a well established adult population of the exotic cambarid crayfish Procambarus clarkii
(Girard, 1852) from a artificial pond at the Alfredo Volpi City Park, in the city of São Paulo, Brazil, is estimated
in four different occasions between 1999 and 2001 by means of a mark-and-recapture technique and Schumacher
and Eschmeyer’s method for population size determination. Adults were marked by placing small elastic rings at
the base of both eyestalks. Population size varied from approximately 269 and 273 adults (the latter corrected
by Tanaka’s model) in the summer in 2000 and 2001, and between 640 and 468 adults during the winter season
of 1999 and 2000, respectively.
KEY WORDS. Mark and recapture technique.

RESUMO. EstimativEstimativEstimativEstimativEstimativa do tamanho populacional do laga do tamanho populacional do laga do tamanho populacional do laga do tamanho populacional do laga do tamanho populacional do lagostim exótico ostim exótico ostim exótico ostim exótico ostim exótico PrPrPrPrProcambarusocambarusocambarusocambarusocambarus clarkiiclarkiiclarkiiclarkiiclarkii (Gir (Gir (Gir (Gir (Girararararard) (Crd) (Crd) (Crd) (Crd) (Crustacea,ustacea,ustacea,ustacea,ustacea,
DecaDecaDecaDecaDecapoda,poda,poda,poda,poda, Cambar Cambar Cambar Cambar Cambaridae) no Paridae) no Paridae) no Paridae) no Paridae) no Parque Municipal que Municipal que Municipal que Municipal que Municipal AlfrAlfrAlfrAlfrAlfredoedoedoedoedo VVVVVolpi,olpi,olpi,olpi,olpi, São Paulo, São Paulo, São Paulo, São Paulo, São Paulo, Br Br Br Br Brasil.asil.asil.asil.asil. O tamanho de uma popula-
ção adulta bem estabelecida da espécie exótica de lagostim cambarídeo Procambarus clarkii (Girard, 1852) em um
lago artificial no Parque Municipal Alfredo Volpi, localizado na cidade de São Paulo, Brasil, foi estimada em
quatro ocasiões distintas entre 1999 e 2001 através de técnica de marcação e recaptura e do método de Schumacher
e Eschmeyer para estimativa da população. Os animais adultos foram marcados mediante a colocação de um
pequeno anel elástico na base de cada pedúnculo ocular. O tamanho da população adulta variou de aproxima-
damente 269 e 273 (o último obtido pelo modelo de Tanaka) no verão de 2000 e 2001, e entre 640 e 468
durante o período de inverno de 1999 e 2000 respectivamente.
PALAVRAS CHAVE. Técnica de marcação e recaptura.



94 H. L. M. da Silva & S. L. de S. Bueno

Revista Brasileira de Zoologia 22 (1): 93–98, março 2005

periment and it covers an area of approximately 1,080 m2. The
bottom is muddy with some submerged rocks and tree trunks
and contains accumulated foliage from surrounding vegeta-
tion and trees. At the exit, the excess water gently flows from
this pond to the next over the top a concrete wall which is
more than one meter deep.

Adult specimens of P. clarkii were tagged with small elas-
tic rings (aromatic polyurethane; inner diameter: 1.2 mm) com-
monly employed in orthodontics. One ring was carefully placed
at the base of each eye peduncle, which is distinctively nar-
rower than the distal portion which contains the cornea (Fig.
2). To place ring in a fast and neat way, it should first be ad-
justed around the tip portion and outer side of a ordinary glass
pipette. By holding firmly the crayfish, the eyestalk is gently
inserted into the hollow tip of the pipette allowing the elastic
ring to be easily slid over and transferred to the basal portion
of peduncle. The procedure is then repeated on the second eye
peduncle. This second elastic ring was employed to increase
the chances of recovering and recognising marked animals in
case one ring was lost for whatever reason during the field
study. However, previous tests conducted in our laboratory
showed a 100% retention of this marking device provided it
was positioned at the very base of the eye peduncle. Under
this condition, the elastic rings remained tightly in place even
after ecdyses (retention of rings after up to three consecutive
molts were verified under laboratory conditions). Rings placed
at the distal portion of the peduncle near the cornea were fre-
quently lost after ecdyses (Fig. 2).

The present marking technique worked fine for adult
specimens only. Juveniles, which posses a characteristic brown-
ish-green body color as compared to the dark red color of the

adult forms (BEINGESSER & COPP 1985), were not marked because
the elastic rings did not adjust perfectly in the eye peduncle as
well as it did in the adults due to the smaller size of the pe-
duncle in the former. For this reason, only adults were consid-
ered for estimating population size.

Animals were captured with the aid of 10-11 traps (Fig.
3) randomly distributed in the pond area. Traps were set in the
afternoon and retrieved and checked for crayfishes in the next
morning. Fresh chicken heart was used as bait inside traps.
Presence of marked adult individuals was observed and noted
while unmarked ones were then marked. Before their release
back to the pond, all adult individuals were sexed, measured
(total body length and carapace length) and the occurrence of
ovigerous females was noted.

Estimations of the population size of adult P. clarkii were
performed in four different occasions: two in the Winter (July
of 1999 and 2000) and two in the Summer (January of 2000
and 2001). Each of the four estimation studies were composed
of 15 samplings which were performed in a short period no
longer than three weeks.

Data obtained by the mark-and-recaptured technique
were treated according to Schnabel’s method for estimating
population size, as modified by Schumacher and Eschmeyer
(KREBS 1999). The working technique and characteristics of the
population studied fit well to the previous assumptions required
for the use of the above mentioned methods, such as: 1) the
population is of the closed type, which means that population
size is assumed to remain the same during the short period of
study (variations in number due to migration, mortality or birth
are considered negligible); 2) the chance of capture for all in-
dividuals is the same; 3) marks cannot be lost during each sam-

Figures 1-2. (1) Map of Alfredo Volpi City Park showing the ponds highlighted with numbers 1, 2 and 3 (modified from CPHN 1988). The
field works were conducted in lake 1, which has a higher altitude than the others. (2) Pair of eye peduncle disecated from P. clarkii,
showing its morphology and indicating the correct (black arrow) and the incorrect (white arrow) placement of the elastic ring.
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pling period and 4) mark must be easily identifiable. Regres-
sion plot of data obtained is linear when these premisses are
not violated. However, should a curvilinear tendency be noted,
as was the case for population estimation in January 2001, this
can be corrected by Tanaka’s model (KREBS 1999), and a new
estimation value is obtained from the x-intersept after data
are plotted on double-log graph.

After the field work was completed, some specimens of
P. clarkii from the Alfredo Volpi City Park were deposited at
the Museu de Zoologia da Universidade de São Paulo (MZUSP)
and registered under lots 14501 to 14511. A few other speci-
mens were also sent to the Instituto Nacional de Pesquisas da
Amazônia (INPA) (lot 871), and at the Universidade Federal do
Rio Grande do Sul (UFRGS) (lot 03102).

RESULTS

Table I presents field data and the estimated population
size for each period of study. The estimated number of adults
by Schumacher & Eschmeyer’s method were higher during the
Winter seasons (640 and 468 individuals in July, 1999 and 2000,
respectively) while the number of adults estimated was much
lower in the Summer (269 animals in January, 2000 and 211
individuals in January, 2001).

Linear regression plots for all four population estimates

are presented in figures 4-7. Except for estimation of January
2001, data from the first three estimation fit well on a straight
line, indicating that all required assumptions were not violated.
However, data from estimation of January 2001 presented a cur-
vilinear tendency (Fig. 7), suggesting that at least one of the pre-
misses was not met. In this case, the result of 211 estimated adults
which was previously obtained by Schumacher and Eschmeyer’s
method was disregarded and a new and corrected estimation of
273 adults was obtained with Tanaka’s model (Fig. 8).

Although each of the estimation abundance of adults
was performed approximately every 6 months apart, the study
of the population structure of this crayfish population were
also carried out monthly within the very same 2-years study
period. In this time, a noticeable increase in number of dead
captured crayfishes inside traps were observed in two different
periods (Fig. 9). The first, from September 1999 to January 2000,
the accumulated mortality rate reached 11.95% of all monthly
sampled animals (data of the estimation size study performed
in January 2000 are included). In the second period, which
coincidently occurred in the same months, but an year later,
extended from September 2000 to January 2001 and presented
a accumulated mortality rate of 3.12% (data from estimation
size study performed in January 2001 are included).

DISCUSSION

The marking technique employed in this study proved to
be quite satisfactory for estimating the population size of adult
P. clarkii for two main reasons. Firstly because previous labora-
tory observations clearly indicated that a 100% retention of the
ring can be expected, even after animals had gone through one
or more moltings, provided a properly sized elastic ring is well
placed at the base of the peduncle. Problem with defective rings
has been minimized in the present study because the elastic
rings were of high quality (the same used in orthodontical correc-
tion purposes) and presented uniform dimension and shape.
Ring did not suffer deterioration during field study and this was
probably associated with the positioning of the rings on a highly
protected region of the animal (the base of the eyestalk). Addi-
tionally, two rings – one in each eyestalk – were used to maxi-
mize the chances of recovering marked individuals in case one
ring was lost for whatever reason during the field study.

Secondly, each of the four estimation studies were per-
formed for a short period of time and no longer than three
weeks. That not only seems to be fairly adequate period for
estimating the population size of a closed population of cray-
fish using Schumacher and Eschmeyer’s method but would also
guarantee that, in case one or more specimens molted, ecdyses
would not likely occur twice for the same adult during that
short period of three weeks.

Comparatively, the adult population size estimation
showed a higher number of individuals in the Winter than in
the Summer. This difference might be associated with two fac-
tors:

Figure 3. Traps used in the field study. (A) Lateral view of the trap;
(B) Frontal view, with door open; (C) Distal view of the traps,
showing funnel at the entrance.
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1) The observed decrease might be associated with the
changing of habits of adults during the reproductive period.
In the Alfredo Volpi City Park lagoon the reproductive period
starts in the late Spring and extends till the mid of Summer
(Silva, personal observation) during which matured male and
female crayfish commonly seek shelter inside constructed bur-
rows, as observed by CORREIA & FERREIRA (1995) and FIDALGO et al.
(2001). This habit would make part of the adult population
unavailable for capture by the traps. The reclusion of females
in an advanced reproductive state had already been suggested
by indirect results from NIQUETTE & D’ABRAMO (1991) in the USA
and CANO & OCETE (1997) in Spain, where they considered that
females were less active when capture efficiency and reproduc-
tive stages are compared. In the works of SOMMER (1984) in rice
fields in California and of FIDALGO et al. (2001) in a lagoon in
Aveiro, Portugal, it was demonstrated that the egg-carrying
females are found in the burrows (with a peak at the beggining
of summer) and that most of these females were in an advanced
reproductive period in summer and beggining of Autumn.

2) The observed accumulated mortality rate between Sep-
tember and January (1999/2000 and 2000/2001), as presented
in figure 9, might have probably contributed to the decrease

Figures 4-7. Linear regression graphics of the estimates of the adult
population of P. clarkii; the axes are the proportion of recaptured
animals (Rt/Ct) and the total number of marked animals in previous
sampling (Mt); the graphics show tendency line, the line equation
and the r-squared for: (4) July 1999; (5) January 2000; (6) July
2000; (7) January 2001.

Figures 8-9. (8) Estimation of the adult population of P. clarkii as in
January 2001, according to Tanaka’s model. The intersection of
the line with the X-axis is the population estimate (X = 273, for Y
= 1). (9) Monthly mortality inside the traps between July 1999
and March 2001.
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in the population size estimated observed in the two consecu-
tive Summers. Since no mortalities were observed in the previ-
ous periods of July and August of 1999 and February to August
of 2000, it is here assumed that the last period represented a
recovery phase of the population size. The higher accumulated
mortality rate of September of 1999 to January of 2000, might
be associated with contamination of the water of the lagoon
by domestic sewage from the sorrounding neighbourhood in
that period, as reported to us by employees of the Alfredo Volpi
City Park. Indeed, during that period we have observed a no-
ticeable change in the color of water, turning more “black”,
and a distinct fetid odour emanating from the lagoon.

Coincidently, another noticeable accumulated mortal-
ity rate was observed in the following period from September
of 2000 to January of 2001. In this case, however, the accumu-
lated mortality rate was much lower than that observed in the
previous year, but the loss of adult individual still had some
negative effect on the number of surviving adults as verified
in the last estimation conducted in January of 2001.
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