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Abstract

The objective of this study was to estimate and compare some important reproductive parameters of Myocastor coypus
over time (June 2006-May 2008), in wetlands of the Middle Delta of the Parana River (MD) Entre Rios province, R.
Argentina. Within the original coypu distribution range, the MD is among the areas of highest habitat suitability for
the species. Coypus were captured and the following reproductive parameters were estimated on a monthly, seasonal
and annual basis: pregnancy rate (PR), litter size (LS), gross productivity (GP) and annual production (AP). Statistical
non-parametric tests were used for comparisons. Additionally, the expected birth date of each embryo and fetus was
estimated by assigning it to a developmental stage category and considering the gestation period of the species. All the
parameters showed high values and PR and LS differed significantly between the dry (2006) and humid years (2007).
Two peaks of birth were detected, one in spring and another one in mid-autumn. The implications of these results for
ensuring the sustainable management of this rodent are discussed.
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Ecologia reproductiva do coipo (Myocastor coypus) no Delta Meio do Rio
Parana (Entre Rios. Argentina)

Resumo

O objetivo deste trabalho é a descrip¢do e comparacdo ao longo do tempo (junho 2006 — maio 2008), de diversos
parametros da ecologia reprodutiva de Myocastor coypus nas terras umidas do Delta Meio do Rio Parana (DM), una
das zonas de maior aptidao de habitat para a espécie dentro da sua area de distribui¢do original. Com base em capturas
de exemplares estimaram-se en forma mensal, sazonal y anual, a taxa de prenhez (TP); o tamanho da camada (TC), a
produtividade bruta (PB) e a produgdo anual (PA) e foram realizadas as comparagdes correspondentes mediante provas
estatisticas ndo paramétricas. Alem disso, com base no estadio de desenvolvimento dos fetos y embrides observados,
levando em consideragdo a duragdo do periodo de gestagdo, estimou-se quais teriam sido as datas de nascimento mais
provaveis. Observaram-se valores relativamente altos para todos os parametros e diferengas significativas entre as TP
y os TC de anos secos (2006) e anos timidos (2007). Também foram detectados dois picos de pari¢do, um em plena
primavera e o outro a meados do outono. Discutem-se as implicancias destes resultados para assegurar o manejo
sustentavel do coipo, o principal recurso de fauna silvestre argentina.

Palavras-chave: Myocastor coypus, Rio Parana, picos de parigdo, pardmetros reprodutivos, terras imidas.

1. Introduction

The large alluvial wetlands systems of southern South  hystricomorphic rodents like the capybara (Hydrochoerus
America are characterised by a high wildlife diversity  Aydrochaeris, Linnaeus, 1776) (Verdade and Ferraz, 2006)
(Alho, 2008; Benzaquén et al., 2013), including large  and the coypu or false nutria (Myocastor coypus Molina,
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1782) (Parera, 2002; Bo6 et al., 2006). The coypu a large
herbivore of semi-aquatic, nocturnal and gregarious habits
(Kinler et al., 1987; Palomares et al., 1994; Guichon et al.,
2003a; 2003b) usually found along the shore of freshwater
marshes, ponds, and slow-flowing rivers and streams where
it builds nests and burrows used as shelter for resting
and reproduction (Courtalon et al., 1993; Merler et al.,
1994; D’ Adamo et al., 2000). Its distribution ranges from
middle Bolivia and southern Brazil to southern Argentina
(Woods et al., 1992; B¢ et al., 2006; Colares et al., 2010).

The coypu has successfully invaded and is established
in large areas of the US, Europe and Asia since 1930
(Carter and Leonard 2002; Bertolino et al., 2005). In these
countries, it is considered as a pest causing economic loss to
agriculture (Abbas, 1988) and damage to drainage systems
(Verheyden and Abbas, 1996). In contrast, in Argentina
the coypu is traditionally hunted for its fur and, to a lesser
extent, for its meat (Porini et al., 2002). In this country, it is
amajor wildlife resource in terms of annual capture, people
involved in the commercial chainand amount of capital
mobilized (Porini et al., 2002; B6 et al., 2006). However,
until recently, there have been only a few scattered studies
on coypu in its natural and original environment. Therefore,
the development and implementation of management
measures such as hunting quota, animal size and opening-
end of the legal hunting season have littleornoscientific
basis (B0 et al., 2006). In recent years, knowledge of the
population ecology of the coypu in its original natural
habitat has increased (Colantoni, 1993; Courtalon et al.,
1993; Guichon et al., 2003a, b, ¢; Corriale, 2004; Nazar
Anchorena, 2004; D’ Adamo et al., 2000; Bo et al., 2008;
Spina, 2008; Spina et al., 2009; Courtalon et al., 2011).

Mpyocastor coypus attains sexual maturity before
complete development, at an age that varies with sex,
weight (Crespo, 1974), season (Newson, 1966; Evans,
1970) and habitat quality (Atwood, 1950; Ehrlich, 1966;
Peloquin, 1969). Crespo (1974) reported that, under normal
conditions, first pregnancy occurs between 4 and 6 months
of age, while males become sexually active at about 8
months of age. A mature male may mate repeatedly with
many females in the water (Colantoni, 1993). Females
are polyestrous with a continuous succession of cycles
throughout the year (Kinler et al., 1987). Although these
authors reported an estrous cycle of 17-19 days with a
receptive period of 1-2 days, more recent studies conducted
in captivity indicate that it is highly variable (35.3 + 10.8
days), with a slightly longer receptive period (3.2 + 1.4
days) (Felipe et al., 2001).

The gestation period lasts for 127-142 days (Gosling,
1974; Kinler et al., 1987) and usually two litters are
produced per year with a mean litter size of 5.4 (range
2-7) (Crespo, 1974; Colantoni, 1993; B¢ et al., 2006).
Reproduction takes place throughout the year (Kinler et al.,
1987, Felipe et al., 2006) and some authors propose that
there are variable proportions of pregnant females and
peaks of birth (Ehrlich, 1966, Bo et al., 2006). In Argentina,
Crespo (1974) reported continuous reproductive activity
during at least 9 months and attributed it to the lack of
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climaticconstraints. In contrast, low temperatures and/
or frosts are known to affect parturition and may cause
decreased fertility rates or abortion (Gosling, 1981). In
southern South America, coypu populations concentrate
in ponds and freshwater marshes as they shrink during
summer (Kinler et al., 1987). This is likely to favor male-
female encounter, which in turn may explain the increase
in reproduction observed in summer. Accordingly, Bo et al.
(2006) suggested the occurrence of birth peaks at certain
months of the yearin most of the wetland systems of the
Rio de la Plata Basin, which may coincide with the initial
phases of high- and low-water periods. Intermediate water
levels would provide more suitable habitat conditions for
breeding, thus increasing offspring survival (B¢ et al., 2008).
However, such periods would overlap with the start and
end of the legal hunting season (Bo et al., 2006; Bo et al.,
2008) implying a substantial loss in potential production,
in both ecological and economic terms (Bo et al., 2006).
This emphasizes the need to conduct a follow-up study
of a wild coypu population for determining the actual
occurrence of peaks of birth and estimating the reproductive
parameters mentioned above, together with their possible
seasonal variations.

Recently, the embryonic stages of coypu have been
characterized in captive (Felipe et al., 2006; Felipe and
Masson, 2008), and wild individuals (Spina et al., 2009).
Information on the approximate age of embryos and
fetuses from females captured during the study may allow
to determine the expected birth date and to confirm or
refute the occurrence of birth peaks, at least in the original
distribution area of the species.

Information on the reproductive biology and ecology
of M. coypus is scarce and was obtained mainly from
captive individuals - breeding centers account for only
2% of total fur production— (Porini et al., 2002), and/or
feral populations (Bo et al., 2006) in Argentina. Moreover,
the studies conducted in the original distribution areas of
the species are restricted to a limited period of the year.
Based on the considerations mentioned above, the primary
objective of this work was to estimate and compare
some important reproductive parameters of Myocastor
coypus from a follow-up study and to evaluate the actual
occurrence of peaks of births. The study was conducted
in the Middle Delta of the Parana River, which is among
the areas of highest habitat suitability for the species in
the world (Kinler et al., 1987; Bo et al., 2006).

2. Material and Methods

The study was conducted in the area of the Delta
islands at the Department of Victoria (DIV) in the Entre
Rios Province, Argentina, which is representative of the
Middle Delta of the Parana River (MD).

The study area was close to the Barrancoso stream,
between 32° 57°34.6 S/ 60° 05°39.1 W and 32° 57°40.9
S/ 60° 05* 54.7 W and between 32° 57° 16.0 S / 60° 05’
46.4 W and 32° 57°22.4 S/ 60° 06” 02.0 W (Figure 1).
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Figure 1. Location of the study area ( A) in the Delta islands at the Department of Victoria (DIV), MiddleDelta of the Parana

River, Entre Rios, Argentina.

The MD, which includes extensive fluvial wetlands with
unique ecological and biogeographical features (Malvarez,
1999), is one of the most important coypu hunting areas
in Argentina; here, M. coypus is a major wildlife resource
for local people (B¢ et al., 2010).

The climate is temperate and humid, with a mean
annual temperature of 17.4 °C and an annual precipitation
of 1016 mm. The colder and warmer periods extend from
May to September and from October to April, respectively
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(Malvarez, 1999). The hydrological regime is influenced
by the Parana River, determining a period of “high waters”
and a period of “low waters”, which approximately coincide
with the colder and warmer periods, respectively, the water
level rising from early autumn (March-April) to mid-winter
(July) and falling from early spring (September-October)
to mid-summer (February) (B¢ et al., 2008). Over the
past decades, however, the region has been affected by
increased hydrological and climate variability leading to
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more frequent and prolonged extreme events of droughts
and floods (Camilioni, 2005; B¢ et al., 2008).

The present study was conducted between June
2006 and May 2008. 2006was considered adry yearbut a
severe flood (in terms of water column height) occurred
from summer 2007 to next winter (humid year). Then,
an extreme drought took place again from late 2007 and
throughout 2008 (B6 et al., 2008).

Mpyocastor coypus specimens were caught monthly
(between June 2006 and May 2008) in a hunting area of
105 ha, with the help of a local hunter using the capture-
removal method (Krebs, 1999). The coypus were captured
daily with 20 leg-hold traps according to the Agreement
on International Humane Trapping System (AIHTS),
approved by the Wildlife Department of Argentina. The
traps were distributed in hunting subareas of 20 ha each,
in the proximities of coypu tracks (nests, trails and feeding
areas). On this basis, the capture method may not affect
males and females differentially. In the hunting area, traps
remained in the same subarea for 12 days, after which
they were moved to other subarea for a further 12 days.
The hunter was authorised by the Wildlife Department of
Entre Rios Province to capture coypu specimens during the
authorised hunting season (AHS) and outside of it (OHS).

The following data were recordedover the study
period: total number of examined females (TF), number
of pregnant females (PF) and number of embryos or
fetuses in their uterus. When possible, these data were
used to estimate the following reproductive parameters
on a monthly, seasonal and annual basis: pregnancy rate
(PR), litter size (LS), gross productivity (GP) and annual
production (AP). The PR was calculated as the proportion
of PF divided by TF, LS as the number of embryos or
fetuses per pregnant female, GP as the total number of
embryos or fetuses divided by TF, and AP as the mean
annual GP multiplied by annual female density (FD). The
FD was estimated by a capture-removal method (Zippin,
1958) using the Removal Sampling Program (Pisces
Conservation Ltd., 1992) taking into account that the sex
proportion was estimated as 1:1 (Courtalon et al., 2011) .

For 2006, data were obtained between June and
October (N =5) -winter and spring- approximately during
the legal hunting season. Duetofloodconditions,data for
2007 were obtained between May and September -autumn
and winter- during the AHS and between November and
December —spring- during the OHS (N = 7). For 2008,
data were only collected in March —summer- (OHS) and
between April and May -autumn- because coypu habitat
conditions and hunting were substantially affected by
the severe drought and subsequent fires (natural and/or
human-caused) that occurred in the study area (Taller
Ecologista and LETYE-UNSAM, 2010).

Based on the facts mentioned above, the reproductive
variables were compared among seasons within a same year
and between years (PR, LS and GP) when the sample size
was largeenough. Significant differences were tested by
the Kolmogorov-Smirnov (K-S) or Kruskal-Wallis (K-W)
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non-parametric tests depending on the sample number
(Siegel and Castellan, 1998) using the Program Statistica.

Each prenatal individual found in each pregnant female
was assigned to one of the major four developmental
stage categories proposed by Spina et al. (2009) as
follows: <60-day gestation stage, 60-day gestation stage,
90-day gestation stage and 120-day gestation stage. This
characterization was complemented by the following
morphometric variables measured from each prenatal
individual: umbilical cord diameter and length (mm),
body weight (g), tail length (mm), cephalic length (mm),
cephalo-caudal length (mm) and length of fore and hind
limbs (mm). Then, a discriminant analysis (McLachlan,
2004) was used to assess if the latter three categories were
properly discriminated by the morphological variables
(either individually or combined).

The actual occurrence of one or more peaks of birth
over the study period was evaluated by the expected birth
date of each prenatal individual. This was estimated by
relating the developmental stage category of the prenatal
individual to the capture month of the pregnant female and
considering a 132-day gestation period (Gosling, 1974).

3. Results

Table 1 shows the results obtained from the monthly
samplings and the values of the reproductive parameters
over the study period. Tables 2, 3 and 4 present a summary
of the seasonal and annual mean (or median) values obtained
for PR, LS and GP, respectively).

There were no significant differences in PR among
seasons within the same year for any of the studied years
(K-S test, p> 0.05). However, the annual mean values of
PR increased significantly between 2006 (dry year) and
2007 (humid year) (K-S test, p< 0.05) (Table 2).

There were no significant differences in LS among
seasons within the same year for any of the studied
years (K-S test, (p>.05) ,,; K-W[H 3, N=64) , =
4.2093 p=0.2397 ] and K -W [H(1,N =48) , . =0.851
p = 0.356 ]. However, the annual mean values of LS
increased significantly between 2006 and 2007 (K-S test,
p <0.001) (Table 3).

Differences in GP were not significantly different
between seasons (K-S test, p>0.05 for all cases) or between
2006 and 2007 (K-S test, p >0.10). However, GP varied
considerably throughout 2007 (range: 0.13-6.38) (Table 4),
when an extreme flood and a severe drought occurred at
the beginning and end of this year, respectively.

Based on the annual female density values of 1.96
individuals/ha for 2006 and 0.77 individuals/ha for 2007
given by Courtalon et al. (2011), the estimated values
of AP were 4.47 embryos or fetuses/ha for 2006 and
2.64 embryos or fetuses/ha for 2007.

The discriminant analysis showed that only body
weight significantly distinguished the three developmental
stages under consideration (N=81, Wilks Lambda: 0.455, F
(2.78)=46.599 p<0.0001). Body weights 0f4.26-23.76 g,
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Table 1. Reproductive parameters of Myocastor coypus from an area of the Delta islands at the Department of Victoria
(DIV). Data obtained between June 2006 and May 2008. TF: total number of examined females; PF: number of pregnant
females; PR: pregnancy rate; LS: litter size; PI (prenatal individuals): total number of embryos or fetuses observed. GP:
gross productivity.

TF PF PR LS PI GP

2006 June 15 5 0.33 3.80 19 1.27
July 19 15 0.79 4.80 66 347

August 7 4 0.57 5.25 21 3.00

September 20 9 0.45 4.56 41 2.05

October 9 3 0.33 5.00 15 1.67

2007 May 18 18 1.00 6.33 114 6.33
June 17 14 0.82 6.50 91 5.35

July 17 15 0.88 7.00 97 5.71

August 13 11 0.84 791 83 6.38

September 4 3 0.75 6.67 30 0.13

November 2 2 1.00 7.50 15 0.13

December 2 2 1.00 9.50 19 0.10

2008 March 20 14 0.70 6.57 92 4.60
April 21 15 0.71 6.27 94 4.47

May 20 19 0.95 5.84 111 5.55

Table 2. Pregnancy rate (PR) of Myocastor coypus from an area of the Delta islands at the Department of Victoria (DIV).
Values obtained between June 2006 and May 2008, expressed as median followed byupper-lower quartiles in parenthesis.
ND: no data. Summer and Fall 2007 and Summer 2008: a single value per season.

2006 2007 2008
Winter 0.57 0.84 ND
(0.33-0.79) (0.82-0.88)
Spring 0.39 0.88 ND
(0.33-0.45) (0.75-1)
Summer ND 1 0.7
Fall ND 1 0.83
(0.71 —0.95)
Median annual 0.45 0.88 ND
PR (0.33-0.57) (0.82-1)

Table 3. Litter size (LS) of Myocastor coypus from an area of the Delta islands at the Department of Victoria (DIV). Values
obtained between June 2006 and May 2008, expressed as median followed byupper-lower quartiles in parenthesis. ND: no
data.

2006 2007 2008
Winter 5 7 ND
(4-5) (6-28,5)
Spring 5 8 ND
4-5) (7-10)
Summer ND 9.5 6.5
(5-14) (5-8)
Fall ND 6 6
(4-8) (5-7)
Median annual 5 7 ND
LS (4-5) (5-9)

16.33-51.53 g and 76.25-158.35 g corresponded to the  of embryos and fetuses at the time of female capture and
gestation stage categories of 60, 90 and 120 days, respectively.  from the gestation period of the species. Two parturition

Figure 2 shows the expected proportion of births for ~ peaks were observed, one in mid- spring (October 2006)
each monthstudied, resulting from the developmental stage ~ and the other in mid-autumn (May 2008).
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Table 4. Gross productivity (GP) of Myocastor coypus from an area of the delta islands at the Department of Victoria (DIV).
Values obtained between June 2006 and May 2008, expressed as median followed byupper-lower quartiles in parenthesis.
ND: no data. Summer and Fall 2007 and Summer 2008: a single value per season.

2006 2007 2008
Winter 3 5.71 ND
(1.27-3.47) (5.35-6.38)
Spring 1.84 0.13 ND
(1.67-2) (0.13-0.13)
Summer ND 0.1 4.6
Fall ND 6.33 5.01
(4.4-5.5)
Median annual 2 5.35 ND
GP (1.27-3.47) (0.13 - 6.33)
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Figure 2. Expected proportion of births of Myocastor coypus(fetuses > 120 days /total number of embryos or fetuses
present) for each month studied between 2006-2008 from an area of the Delta islands at the Department of Victoria (DIV),

MiddleDelta of the Parana River, Entre Rios, Argentina.

4. Discussion

This work deals with the description of relevant
parameters of the reproductive ecology of M. coypus.This
type of research provides key information for improving
and controlling coypu exploitation, in order toaccomplish
effective and sustainable resourcemanagement.

In this study, the values of PR, LS, GP and AP for
coypus from the study area coincide with those reported for
other areas in Argentina (Crespo, 1974; Colantoni, 1993;
Bo et al., 2006; Bo et al., 2008), and for other countries
where the species was introduced (Ehrlich, 1966; Newson,
1966; Gosling, 1974; Willner et al., 1979; Kinler et al.,
1987). The values of PR obtained in spring (0.39-0.88)
are slightly higher than those reported by Crespo (1974)
for wild areas in the north of Santa Fe province, Argentina
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during spring (0.25-0.67). Moreover, the range of annual
PR values (0.49-0.90) includes the mean PR value of 0.68
estimated for a large number of hunting areas in different
Argentine provinces, in the frame of the “Nutria Project”
(B¢ et al., 2006).

Similarly, the values of LS obtained in this study
(5-7 embryos/female) are higher than those estimated by
Crespo (1974) (4.5 embryos/female) and Colantoni (1993)
(3.82 embryos/female) for central-ecast Buenos Aires
province, and coincide with the value of 5.4 embryos/
female reported in the “Nutria Project” (B¢ et al., 2006).

It is interesting to note that the values of GP and AP
were high (2.28-3.44 embryos or fetuses/female for GP
and 2.64-4.47 coypus/ha for AP) even in years of adverse
climate-hydrological conditions, indicating that coypu has
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a high natural productivity. This also suggests that coypu
populations would show a remarkable ability to recover
from the heavy hunting pressure in the study area and
other wetlands of Argentina.

Drought perturbation is likely to have a more pronounced
effect on the reproductive ecology of M. coypus than
flood perturbation, based on the lower values observed
for almost all the studied parameters (many of which
were significantly lower) in a dry year (2006 and 2008) as
compared to a humid year (2007) . This would be related
to a decrease in the availability of water levels suitable for
different activities such as courtship, mating and parental
care (Kinler et al., 1987; Guichon et al., 2003b). The high
AP values observed in 2006 would be due to the negative
effect that an extreme flood has on the density of coypus,
and not necessarily on their reproductive capacity. This
variability in the density would be related to dispersion
or migration in search of more favorable habitats (B6 and
Malvarez, 1999; Bo et al. 2008).

On the other hand, this study provided evidence that
the different developmental stages (especially the older
categories) can be easily distinguished by body weight.
The present study is in agreement with previous work
reporting that wild coypus undergo reproduction all year
round and emphasizes the occurrence of two birth peaks:
one in mid- autumn (at the beginning of the “high water”
period) and the other in mid-spring (at the beginning of
the “low water” period) supporting the suggestion made by
Bo et al. (2006). However, it should be kept in mind that
the number of births may be slightly overestimated because
the death of some embryos or fetuses is not considered.

In many coypu hunting areas of Argentina such as the
Middle Delta of the Parana River, the opening and closure
of the legal hunting season coincide with peaks of birth.
For this reason it is recommended that hunting should be
restricted to winter, and banned during extremely dry years
or a few months before a severe flood event. These measures
may contribute effectively to the sustainable management
ofM. coypus in the vast wetland areas of Argentina and in
a large part of its original natural distribution.
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