
Resource identification [link 1]
Taxonomy
Class: Chondrichthyes
Order: Carcharhiniformes
Family: Triakidae
Specie: Mustelus schmitti Springer, 1939

Common name
Argentine: gatuzo
Uruguay: gatuzo
Brazil: caçao
English name: narrownose smooth-hound shark

External distinguishing characteristics

Head and short  snout  rather blunt.  Small  eyes, spiracles visible behind the eyes. Boca mosaic bearing teeth.  Five pairs of  gill
bendeduras, the latter three located above the base of the pectoral. With anal fin. Caudal heterocerca, highlights a lobe at the rear.
Coloring: iridescent uniform leaden gray, darker on the back, dotted with small white dots.

Distinction of similar species in the area

In the catches sporadically appear two other species of the same genus:  Mustelus fasciatus, distinguishable because its snout is
much longer than the gatuzo and the pigeon, Mustelus canis, which can be recognized by the greater distance between the nostrils
[link 2]. 

Geographical distribution 

The narrownose smooth-hound shark Mustelus schmitti, is an endemic shark
in the coastal waters of the south-western Atlantic, occurring from southern
Patagonia (47°45´S) to Rio de Janeiro, Brazil (22° S), and inhabiting coastal
waters  and  down  to  120m  depth  (Menni,  1985;  Menni  et  al.,  1986;
Chiaramonte y Pettovello, 2000). This species is distributed in Uruguayan and
Argentine  waters  during  the  summer  and  in  winter  it  migrates  to  the
continental shelf of southern Brazil (Vooren, 1997). As a consequence of this
behavior,  it  is  catched  by  different  artisanal  and  industrial  fisheries  in
Argentina, Uruguay and southern Brazil, which affect different parts of the
stock during its life cycle (Miranda and Vooren, 2003, Oddone et al., 2005).

Figure 1. Distribution of  narrownose smooth-hound shark
(Mustelus  schimitti).  Tomado  de  Cousseau  y  Perrotta
(2013). 

Population and management units

In Argentina, the administration of the narrownose smooth-hound shark fisheries is carried out from two management units: the
first corresponds to the area of the Treaty and is administered jointly by the CTMFM and the second, corresponding to El Rincon is
in charge of the Authority of Argentine fishing application. The fishery for this species in the Treaty area in Uruguay is under the
administration of the CTMFM. The first 2 miles of the lower sector of the Rio de la Plata and the first 7 miles of the middle and
outer sectors are the exclusive jurisdiction of the countries. In Argentina, these sectors are managed by the Dirección de Pesca de la
Provincia de Buenos Aires (DPP) dependiente del Ministerio de Asuntos Agrarios (MAA). In Uruguay the administration corresponds
to the Dirección Nacional de Recursos Acuáticos (DINARA) dependiente del Ministerio de Ganadería, Agricultura y Pesca (MGAP). 

http://ctmfm.org/upload/biblioteca/201803/ms_enlace-2-152026218970.pdf
http://ctmfm.org/upload/biblioteca/201803/ms_enlace-1-152026217882.pdf
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Biology and Ecology   

Growth

The growth parameters  for  this species were estimated by Massa (1998)  through a modal  progression analysis of  the length
distribution of the November 1994 research vessel carried out in the Rio de la Plata and its maritime front and El Rincón. From
these cohorts of height/age the calculated and theoretical mean values were obtained by means of the von Bertalanffy equation
(1934). They are presented in Table 1.

Table 1. Growth parameters of narrownose smooth-hound shark obtained from the von Bertalanffy model. L∞ (cm), k (year-1), t0 (year). Massa
et al., (2004).

El Rincón ZCP

K (año-1) 0,29 0,26

L∞ (cm) 87 87

t0 (año) -1,32 -1,56

Narrownose  smooth-hound  shark would  reach  sexual  maturity  at  approximately  2.7  years.  During  the first  two years  of  life,
individuals reach almost 60% of the maximum length of the species (Massa, 1998).

Cortés (2007) calculated the intrinsic rate of population growth (r) using a matrix model structured by length stages. For this, the
population was divided into 4 life stages taking into account the life history of the species: 1) neonate (LT <37 cm: they were
separated from the juveniles because they would remain in defined breeding areas; 2) juveniles (37 to 56 cm TL: individuals who
did not reach the LT50); 3) young pregnant adult females (56 to 75 cm of TL); 4) large pregnant adult females (TL> 75 cm). The
author determined a value of r of 0.175 when the population of  M. schmitti is not subject to exploitation, which produces an
average growth in the number of individuals of 19.1% per year. Cortés concluded that these estimated values of r indicate that this
species could support exploitation levels superior to those of other coastal sharks distributed between 34° 30`S - 42° S.

Mortality

The natural mortality rate (M) values for M. schimitti were estimated by Cortés ( op.cit.) using several methodologies, including
Pauly (1980), Jensen (1996) and Chen and Watanabe (1989). The results obtained are presented in Table 2.

Table 2. Instantaneous rate of natural mortality of Mustelus schmitti between 34° 30 and 42° S.

Metodología M

Pauly (1980) 

Estimación de M a partir de los parámetros de
crecimiento  de  von  Bertalanffy  y  la
temperatura media del ambiente (16°C).

0,320

Jensen (1996) 

Se utilizaron tres  ecuación que estiman M a
partir de la edad de madurez y del parámetro
K de von Bertalanffy.

0,412

0,165

0,176

Chen y Watanabe (1989)

Estimación de M a partir de los parámetros de
crecimiento de von Bertalanffy. Este  método
permite  realizar  estimaciones  de  M  por
estadios, para lo cual se promediaron las M de
las edades que componen cada estadio

Neonatos 0,405

Hembras juveniles 0,271

Hembras adultas chicas 0,184

Hembras adultas grandes 0,139

Reproduction 
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This species is considered as viviparous (ovoviviparous) of non placental type with compartments formation. This species presents
an annual sexual cycle. Females have partitioned into chambers the uterus an embryo finding each, inside the uterus a certain
amount of liquid probably plays a role of nutrition shown. It has been observed that the yolk sac is reabsorbed in the early stages of
gestation (Menni et al., 1986 [link 3], Menni 1985). 

The birth of the young occurs  from the end of  November until  the end of  December.  Afterwards,  they are fertilized and the
gestation is recommenced, which takes between eleven and twelve months. Oddone et al., (2005) [link 4] observed a maximum TL
of 26 cm of the offspring at birth in the ZCP. Similar values (24 - 28 cm) were recorded by Figueiredo (1977) and Chiaramonte and
Pettovello (2000) for southern Brazil  and Argentina respectively. The number of embryos varies between 1 and 13 per female
although the most frequent is 4. This is directly related to the size of the females, as the size decreases the number of embryos is
lower (Menni et al., 1986, Cousseau et al., 1998, Oddone et al., 2005). Oddone (op.cit.) observed that this size varied from 1 to 10
in spring and from 2 to 9 in autumn, with embryos that oscillated between 9 and 26 cm and 7 to 26 cm LT, respectively. The mean
TL of the embryos was significantly higher in the spring (22 cm). 

The size at maturity of M.schimtti was estimated by several authors in its distribution area between 34° 30' - 42° S. Among them, a
comparative analysis by time and area in different years carried out by Cousseau  et al., (1998) [link 5].  The authors examined
information from a coastal research campaign conducted in November 1994 between 34° - 41° S from 3 to 67 m in depth. The
length of first maturity calculated for males and females was 59 and 60 cm of LT, respectively,  which were lower than those
estimated by Menni et al. (1986), who obtained values of 60 cm for males and 62 cm for females. The LT 50 for both sexes, obtained
by Cousseau (op.cit.) was 59 cm, slightly higher than that estimated for the 1993 winter season (57 cm) (Díaz de Astarloa et al.,
1997). Oddone et al., (2005) calculated the LT50 for males in 59 cm taking into account that this estimate corresponds to adults with
calcified claspers ready for copulation and 72 cm for females. Table 3 presents a comparative summary of the different estimates of
maturity size for the species.

Table 3. Length comparison of first maturity of M. schimitti to different times and areas.

Año Época Area Machos Hembras Referencia
1977 - 1979 Mensual Mar del Plata 60,0 62,1 Menni et al., 1986
1993 Invierno ZCP – El Rincón 54,9 60,5 Diaz de Astarloa et al., 1997
1994 Primavera ZCP – El Rincón 57,6 59,9 Cousseau et al., 1998

ZCP 59,0 72,0 Oddone et al., 2005
2003 - 2004 Oto/Inv/Prim/Ver Necochea 56,7 59,8 Sidders et al., 2005
2005 Primavera ZCP – El Rincón 56,0 Cortés 2007
2008 - 2009 Oto/Inv/Prim/Ver Bahía Anegada 54,6 56,3 Colautti et al., 2010

Cousseau (1986) observed that this species segregates when it reaches sexual maturity. There are indications of sexual segregation
in  juveniles  (Massa,  1998).  Chiaramonte  and  Pettovello  (2000)  [link  6]  have  reported  evidence  of  possible  differences  in
reproductive parameters of this species along the South American Atlantic coast.

Feeding

There are several antecedents of M. schmitti feeding studies which were exhaustively compiled by Belleggia (2012). Among them
are Olivier et al., (1968), Menni (1985), Menni et al., (1986), Capitoli et al., (1995), Chiaramonte and Pettovello (2000) and Molina
and López Cazorla (2011).  These authors characterize the diet of the gatuzo as a carcinogen. These studies were carried out in
specific areas (coast of the Province of Buenos Aires, Ría Deseado, Bahía Engaño, Bahía Anegada and coastal platform of Rio Grande
do Sul). 

Narrownose  smooth-hound  shark is  characterized  by  being  a  secondary  carnivore  predating  preferentially  benthic  organisms:
crustaceans (Artemesia longinaris and  Corystoides chilensis); polychaetes; small fish, such as  Anchoa marinii,  Engraulis anchoita,
juveniles of Cynoscion guatucupa, etc. and to a lesser extent holothurias and actinias (Olivier et al., 1968; Menni, 1985, Menni et
al., 1986). The percentage of fish in the diet is low enough to be considered as having any effect on any species of commercial
importance (Menni et al., 1986). It has also been observed a difference in diet between juveniles and adults.

According to Belleggia (2012) and Belleggia et al., (2012), this species feeds mainly on benthic prey such as polychaetes, Brachyura
crustaceans, hermit crustaceans and fish. Although there is no difference in diet when discriminating by sex, TL was one of the
variables that most influences the consumption of the prey of the species. The fish and bivalves increase their importance in the
diet as it increases its size while the polychaetes decrease their proportion. 
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Distribution of the species in the area of the Treaty 

Habitat

The area of the Treaty constitutes an area recognized for its high biological productivity. It is a hydrologically complex and dynamic
habitat with marked horizontal and vertical density gradients [link 7] [link 8]. Forces of this variability are linked to the seasonal and
inter-annual changes of the Rio de la Plata discharges, the seasonal regimes of the winds strongly associated to the latitudinal
variations of the South Atlantic high-pressure cell, the nearness of the shelf with the Brazil and Malvinas currents  as well as the
contribution of nutrients from the southwest of the area transported by the Subantarctic waters of the Argentine shelf.

In the area of the Treaty, the coastal habitat of the species is limited topographically by the isobath 50-60 m, which separates the
coastal regime from the continental shelf. In relation to the water masses Negri et al. 2016 [link 9] they indicate that waters of sub-
Antarctic origin flow south of 38° S, and to the north of 36.5° S diluted waters by the discharge of the Rio de la Plata and waters of
subtropical origin are added, principally in summer. Subantarctic Shelf Water, transported from the south, extend parallel to the
bathymetry with SW-NE direction with salinity between 33.5 and 34.2 ups.

In the Subantarctic Shelf Water there are three components: the external one with salinity between 33.7 and 34.2 ups, which is
located in the outer of the continental shelf; in the middle on the central shelf with lowest  salinity resulting from the contribution
of diluted waters by continental runoff in the south of the continent; and the coastal one with relatively high salinity values (S> 33.8
ups),  coming from the east of El Rincon and originating in the interior of the Golfo San Matías due to the effect of restricted
circulation and the predominance of evaporation over local precipitation. The Subtropical waters present are the Tropical Water
and the South Atlantic Central Water, transported to the south by the Brazil current, which predominate during the summer and
autumn. The Rio de la Plata water is mixed with continental shelf waters, forming a low - salinity layer over the Subantarctic and
Subtropical Water, induces a high vertical stratification, isolating the deep layer.

The  topography,  together  with  the  contributions  of  continental  water  and  the  modifications  due  to  the  exchange  with  the
atmosphere, generate a complex ecological and oceanographic system. In the Rio de la Plata, the Barra del Indio constitutes a
geomorphological barrier that divides the area internal and external. The internal corresponds with the river discharge and the
external to a mixohaline regime where the intrusion of shelf water along the bottom, in the form of a salt wedge, generates a two-
layered structure with a strong vertical stratification that decreased towards the outside of the Rio de la Plata. The interfaces
between the mentioned regimes originate two salinity fronts, the bottom one as the boundary between the fluvial regime and the
mixohaline, and the surface one as the boundary between the mixohaline regime and the shelf waters.

The entrance to the platform of the diluted water of the Rio de la Plata and its seasonal variation influences the shelf ecosystem
modifying  the  physical-chemical  properties  of  the  area,  the  concentration  of  nutrients  and  the  biological  productivity.  The
distribution of surface salinity varies seasonally and is forced by winds and continental discharge. In autumn-winter the winds are
continental and fresh water discharge reaches maximum values. In that period, there is a drift of water coming from the discharge
of the Rio de la Plata in the northeast direction along the Uruguay coast. In spring summer, they show an extension in south-
easterly  direction,  towards  the  Argentina  coast,  as  a  consequence  of  the  oceanic  winds  and  a  minimum  in  the  continental
discharge. There are also areas whose waters are locally modified by continental contributions, which promote the formation of
fronts in the coastal littoral, of importance due to their biological implications.

Areas of concentration and size structure

Cousseau  (1986)  and  Cousseau  et  al.  (1998)  identified  between  December  and  March  two  concentrations  of  juveniles  of
narrownose smooth-hound shark in shallow waters, one in the north, in front of Cabo San Antonio (36° 20'S) and the other in El
Rincón (39° and 41° S). The Uruguay coastal is characterized by the presence of adults to the north, outside the area of influence of
the Río de la Plata and its presence decreases to the south at greater depth. In the intermediate region, between Necochea and
Mar Chiquita, medium-sized adults (66 cm approximately) were found in both autumn and spring research vesell (Cousseau 1986,
Massa et al., 2004).

During the winter the species is concentrated in the area near the 50 m isobath. Díaz de Astarloa et al., (1997) determined that
juveniles predominate in winter in El Rincon and ZCP, while in late spring (November - December) both sexes gather in the coastal
area to reproduce. During the rest of the year they tend to form small groups with dominance of males or females. Massa et al.,
(2004) conclude that the length distribution and the sex ratio of the species in the different areas respond to the reproductive
movements: the adults arrive at the coast in the late spring, mainly to the two concentration areas already mentioned. Then the
adults migrate to deeper areas and the juveniles remain in coastal areas. This behavior was also observed by Cousseau (1986).

The abundance of neonates (40 cm TL) it is observed that decrease from shallow coastal waters to deeper marine waters. Juveniles
are associated with middle conditions, while adults with salty and deeper sea waters with an increasing size (Cortés et al., 2011)
[link 10].  The adult stage also presents different environmental  associations related to size, mainly associated with depth and
temperature. Larger adults were associated with the deeper coastal waters during winter, which coincides with the period (autumn
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winter)  of  greatest  abundance  in  the  waters  of  the  outer  platform  (between  50  and  130  m  deep)  (Fig.  2).  The  observed
predominance of neonates and juveniles in coastal waters, and larger individuals in waters of the outer shelf (Oddone et al., 2005),
indicates that the size class distribution patterns of M. schmitti seem to be associated with ontogenetic movements from breeding
areas to deeper waters through development. Although adults show a general spatial pattern related to body size, there is evidence
of sexual segregation (Cousseau 1986).
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Figure 2. Abundance distribution by sex and TL and proportion of Mustelus schmitti in Rio de la Plata and El Rincon during winter and spring.
The solid lines represent the females and the dashed lines represent the males. The bars represent the proportion of males for each length
class. Modified by Cortés et al., (2011).

Oddone et al., (2005, 2007) [link 11] with information from coastal research cruisescarried out in spring and summer in
the ZCP observed that, in the spring, both sexes occurred at depths of less than 50 m in the whole
area. The mature females were located north of 35° 30'S while the males were in the whole area
(Fig. 3). The summer campaign showed a discontinuous distribution of the species throughout the
study area that resulted in a spatial  segregation of two groups with predominance of immature
females  in  both.  Mature  females  were  identified  only  north  of  35°  30'S  while  mature  males
predominated to a large extent in both groups (Fig. 3).
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Figure 3. Distribution and density of males (▲) (A) and females (○) (B) of Mustelus schmitti in the ZCP (spring and summer). Immature and mature
individuals are represented by empty and complete symbols, respectively. The sizes of the symbol correspond with densities of 500, up to 3,000
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and more than 3,000 number of individuals/mn2. Modified Oddone et al., (2007).

Exploitation

The narrownose smooth-hound shark (Mustelus schmitti), along with the angular angel shark (Squatina guggenheim) and the rays
(family Rajidae) are the most exploited chondrichthyan in the area of the Treaty of the Rio de la Plata and its Maritime Front. From
the coast to the 50 m isobath they are captured mainly by the Argentine industrial fleet as part of the multispecific demersal fishery
known as "variado costero" and by the Uruguayan fleet (Category B) (Fig. 4). At depths greater than 50 m, chondrichthyans most
exploited are rays, captured mainly by the fleets of both countries targeting Argentine hake (Merluccius hubbsi).
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This specie is the most landed shark in Argentine ports. Inhabits the South West Atlantic waters up to 47° 45'S, in coastal areas up
to 120 m deep. The Argentine fishery of narrownose smooth-hound shark registers important landings the decade of 1960 (> 8,000
t), surpassing in 1973 the 9,000 and reaching in 1988 a peak of 13,500 t. Between 1992 and 1999, the total Argentine landings,
which include catches made in the ZCP, adjacent coastal areas and EEZs south of 39 ° S, reached values very close to or exceeded
10,000 t.

In the ZCP the maximum value in the Argentine and Uruguay landings corresponded to 1994, year  in which the 8,000 t  was
exceeded. In successive years, with the exception of 2002, until 2010, landings of this species exceeded 4,000 t. Since then, there
has been a sustained decline, reaching the lowest historical value in 2016 with 2,089 t (Fig. 5). In the ZCP,  narrownose smooth-
hound shark fishing takes place throughout the year without a clear seasonality (Fig. 6).
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Figura 5. Catch of narrownose smooth-hound shark in the area of the
Treaty landed by Argentina and Uruguay.

Figura 6. Monthly  variation in  narrownose smooth-hound shark
landings from the ZCP between 2000 and 2017.
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Figure 7 indicates the rectangles with the highest catches of  narrownose smooth-hound shark  by the Argentine fleet during the
period 2008-2014. The coastal fleet of this country with lengths between 18.23 and 24.99 m was the one that disembarked the
greater proportion of this specie.

Figura 7 Argentine fleet. Statistical rectangle where catches of narrownose smooth-hound shark were declared during the years 2008, 2010, 2012
and 2014, in the area of the Treaty of the Río de la Plata and its Maritime Front.

The catches of the Uruguayan fleet between 2010 and 2013 ranged between 211 and 253 t,  being the smallest in the series,
increasing from 2014 to 537 t and 507 t in 2015. In 2016, the catch volume was 189 t. Figure 8 shows the spatial distribution of the
narrownose smooth-hound shark catches corresponding to the Uruguayan fleet, grouped by statistical rectangle between 2011 and
2016.
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Figura 8. Uruguayan fleet. Statistical rectangle where catches of narrownose smooth-hound shark was declared during 2011 and 2016 in the area of
the Treaty of the Río de la Plata and its Maritime Front.

In order to have abundance index of Mustelus schmitti, a compilation of previously estimated indices was carried out based on data
from the fishery statistics and research cruises in the coastal region (depths less than 50 m) of the area of the Treaty, those that are
in different degree of development (Table 4).
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Table 4. Abundance indices and models applied to M. schmitti stock assessment in the Treaty area.

Modelos corridos Modelo Lineal Modelo Schaefer Modelo Schaefer
Ajuste Máxima verosimilitud Máxima verosimilitud Inferencia Bayesiana

G
AT

U
ZO Período eval. 1983-2016 1983-2016 1983-2016

Índices 1-Flota argentina nominal y 
estandarizado con esfuerzo en 
horas (1992-2016)
2-Campaña estandarizado (1994-
2013)
3-Flota argentina nominal y 
estandarizado con esfuerzo en 
horas (1992-2016), y campaña 
estandarizado (1994-2013)
4-Flota argentina nominal con 
esfuerzo en días (1992-2016)
5-Flota argentina nominal con 
esfuerzo en días (1992-2016), y 
campaña estandarizado (1994-
2013)

1-Flota argentina nominal y 
estandarizado con esfuerzo en 
horas (1992-2016)
2-Campaña estandarizado (1994-
2013)
3-Flota argentina nominal y 
estandarizado con esfuerzo en 
horas (1992-2016), y campaña 
estandarizado (1994-2013)
4-Flota argentina nominal con 
esfuerzo en días (1992-2016)
5-Flota argentina nominal con 
esfuerzo en días (1992-2016), y 
campaña estandarizado (1994-
2013)

1-Flota uruguaya estandarizado 
con esfuerzo en horas (2010-
2016)
2-Flota argentina nominal 
ponderado con esfuerzo en 
horas (1992-2016)
3-Flota argentina nominal con 
esfuerzo en días (1992-2016)

Binicial
B1983 B1983 Libre

K

After evaluate the different available abundance series and the different models and their fitted, the GT Condrictios agreed to use, in
order  to  describe  the  variations  in  the  population  biomass  of  narrownose  smooth-hound  shark,  to  estimate  the  biologically
acceptable catches for 2017 and to the projections considering different exploitation scenarios-, Schaefer's surplus biomass logistic
model, adjusting its parameters by Bayesian inference using the nominal CPUE series in days, corresponding to the Argentine fleet,
for the period 1992-2016.

Status of fishery resource

Surplus production model 

The surplus production model (Schaefer,  1954) was used to determine indicators of stock productivity. The parameters of the
model, its uncertainty and the performance indicators of the management strategy were estimated with Bayesian methods. This
model was applied using the index of the Argentine fleet (Kg/day).

The Schaefer (1954) form of the surplus production function is















  t

t
ttt C

k

B
rBBB 11

where Bt is the biomass in year t, r is the intrinsic population growth rate, K is the population carrying capacity, and Ct is the
commercial catch in year t.

The annual catch is treated as a fixed constant. A common, although simplifying assumption is that the relative abundance index is
directly proportional to the biomass. 

)exp( ttt qBI 

where catchability parameter q.

Bayesian nonlinear state–space model
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Bayesian goodness of fit was used (Hilborn and Mangel 1997). This approach provides a simple way of using additional information
to build prior distribution for model parameters. In this statistical framework, the probability of the hypothesis given the data or
posterior probability distribution Pr {Hi ⁄data} was estimated with the following equation:

where L is the likelihood of the data given the hypothesis and Prior is the prior probability distribution of each hypothesis that
summarizes all previous knowledge.

The incorporating uncertainty in the natural  variability underlying the annual  biomass dynamics transitions (process  error)  and
uncertainty in the observed abundance indices due to measurement and sampling error (observation error) is possible calculate
using a state–space model (Meyer and Millar, 1999). State–space models relate times series observations {CPUEt} to unobserved
“states” {Bt} through a stochastic observation model for CPUEt given Bt. The states are assumed to follow a stochastic transition
model. We assumed lognormal error structures and used a reparametrization (P t  = Bt/K) by expressing the annual biomass as a
proportion of carrying capacity as in Millar and Meyer (1999a) to speed mixing (i.e., sampling over the support of the posterior
distribution) of the Gibbs sampler. The state equations are rewritten as:

where ut are i.i.d. normal with mean 0 and variance σ2 and vt are iid normal with mean 0 and variance τ2 .

Bayesian inference is then based on the posterior distribution of the unobservable given the data. In the sequel, its will denote the
probability density function of a parameter q by p(q). We assume that the parameters K, r, q, σ2, and τ2 are independent a priori. By
a successive application of Bayes theorem and conditional independence of subsequent states, the joint prior density is given by
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Because of the conditional independence assumption of the relative abundance indices given the unobserved states, the sampling 
distribution is: 
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Then,  by  Bayes  theorem,  the  joint  posterior  distribution  of  the  unobservable  given  the  data,  p(K,  r,  q,  σ2 ,  τ2 ,  P1,...,  PN|
CPUE1,...,CPUEN), is proportional to the joint posterior distribution of all unobservable and observables:
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A no -informative prior is  chosen for  q.  Lognormal  prior distributions for  K, r  and inverse-gamma for  σ2, τ2 are specified using
biological knowledge.

The posterior  probability  distribution of  carrying capacity,  the intrinsic growth rate,  catchability  coefficient,  σ2,  τ2
, the current

biomass (2017) was estimated. The posterior probability distributions of the parameters were estimated with simulations of the
Markov-Monte Carlo chains (MCMC). A total of 100,000 simulations were made using the OpenBUGS software with an initial “burn-
in” period of 50,000 iterations.
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Results

Schaefer model fit to the CPUE (kg/day) data is presented in Figure 9.

Figura 9. Catch-per-unit-effort (CPUE) indices of abundance CPUE (Kg/day) observed (crosses) and predicted (solid line). 

The trend of the total  biomass estimated by the model indicated that, as of 2004, it would be below the PBR. The catch rate
decreased in 2015 below the FMSY (Fig. 11). Table 5 presents the estimates of the model parameters and the indicators of resource
productivity.

Table 5. Parameter estimated Surplus Model:  K carrying capacity,  r  rate of growth;  q coefficient catchability,  σ2: variance of the model error,  τ2:
CPUE variance. MSY: Maximum sustainable yield, CR2017: replacement yield, stock biomass giving MSY (BMSY), B2016, biomass estimated to 2016,
B2016/BRMS: ratio of final-year biomass to biomass at MSY,  B2016/K: ratio of final-year biomass to carrying capacity, FRMS fishing mortality rate at MSY. 

 Media Desvío MC_error
Percentil

2.5
Mediana

Percentil
97.5

RMS 4.657 893,1 24,33 4.034 4.582 6.671
CR 2017 3.726 1.037 32,17 2.977 3.555 6.186
B2016 21.570 5.820 202,.6 17.280 20.870 34.570
B2017 23.060 6.520 227,5 18.210 22.270 37.480
BRMS 39.920 1.951 53,28 38.600 39.870 43.870
B2017/BRMS 0,5778 0,1603 0,00565 0,4573 0,5606 0,9264
B2017/K 0,2889 0,08016 0,002825 0,2286 0,2803 0,4632

FRMS 0,1168 0,0226 6,16E-04 0,101 0,1147 0,1681
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Figure  11. Trend of  total  biomass  (thousands  of  tons)  and exploitation  rate.  The  shaded  band  indicates  the 95%
probability interval. The horizontal lines indicate BMYS (39.920 t) y FMSY (0,12). 

To visualize the biomass trend and the current state of the narrownose smooth-hound shark population, Kobe plot were used with
the referential indexes of the RMS, total biomass (B/ BMSY) and fishing mortality (F/FMSY) estimated by the surplus model (Fig. 12). In
the '90s the population was being overfished but still without overexploitation. As of 2012 it was overexploited although it was still
overfished. In 2015 and 2016, although the population biomass is below the PRB, that is to say it is over-exploited; it is not being
subjected to overfishing.
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Figure 12. Trend and current status of the Mustelus schimitti.

Biomass projections

In order to realize the projections of the  narrownose smooth-hound shark biomass, different scenarios of constant exploitation
were considered corresponding to the maintenance of the replacement catch (CR) and different percentage decrements of them.
As a reference, the estimated biological reference point (BMSY) is indicated for each case (Fig. 13). Note that if current catch levels
are maintained, the PBR would be reached in the medium term.

BRMS

CR-35% 2.421 t

CR-25% 2.794 t

CR-15% 3.166 t

CR 3.726 t
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Figure 13. Projections of the total biomass carried out in constant exploitation scenarios corresponding to the maintenance of the CR and different
percentage decreases of the same.

Synthesis of the results and management 

From the joint work developed in the meeting of the current year, the Grupo de Trabajo de Condrictios agreed to formulate the
following recommendations for the capture of narrownose smooth-hound shark for 2017 in the area of the Treaty.

Modelo Global*
Índice CR2017

CPUE nominal t/días, 
flota argentina 
1992-2016  

3.726

RMS 4.657
CR2017 3.726
B2017 23.060
BRMS 39.920

B2017/BRMS 0,5778
B2017/K 0,2889

FRMS 0,1168

¿Qué nos dice el modelo 
aplicado sobre el estado del
stock?

Podrían establecerse para 2017, niveles de explotación correspondientes a la CR, del orden de las 3.800 t como captura total
permisible. Sin embargo, estos niveles de explotación no permitirían alcanzar la recuperación de la biomasa poblacional, la
que se encuentra actualmente en un 58% de la BRMS.
Niveles de explotación semejantes al promedio de capturas de los últimos 3 años (equivalentes a CR 2017 – 35%) permitirían
recuperar la biomasa poblacional a niveles de su RMS en un lapso menor a los 15 años. 

CBA estimada  para 2017: ≤ 3.800 t

* Modelo dinámico de Schaefer: Indicadores del estado actual del recurso: Rendimiento Máximo Sostenible (RMS), CR 2017: Captura de reemplazo, que permite que la
biomasa de 2017 sea igual a la de 2016,  biomasa correspondiente al RMS (BRMS),  B2017, biomasa estimada para 2017, B2017/BRMS:  proporción de la biomasa en 2017
respecto de la biomasa RMS, B2017/K: proporción de la biomasa actual en función de K, FRMS tasa de explotación para el RMS.

Comercialization

In terms of volume, the Argentine exports of narrownose smooth-hound shark in the 2013-2016 periods have averaged 176 t with a
maximum of 206 t in 2014 and a minimum of 123 t in 2016. The percentage of this specie in the total of exports of fishery products
did not exceed 0.05% in the period considered (Fig. 14).

The average  price  per  ton  of  the Argentine exports  of  narrownose  smooth-hound shark decreased between 2013 and 2016,
reaching in those years values, expressed in US dollars (USD) FOB, of 5,051 and 3,074, respectively. In 2013, exports of this species
reached a value of USD 959,000, equivalent to 0.04% of the total exported for fishery products while, in 2016, the value of exports
(USD 377,000) contributed to a 0.02% to the total exported.
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Figure14. Narrownose smooth-hound shark. Contribution to the total volume (t) of fishery products exported by Argentina in the 2011-2016 period.

The main destinations of the Argentine exports of narrownose smooth-hound shark in 2016 were China RAE Hong Kong, Singapore
and Indonesia, which together account for almost 87% of the total exported (Fig. 15). The export volumes, price and destination of
each of these products vary as indicated in the report prepared by the Dirección de Economía Pesquera de la SSPyA of Argentina.
Thus, for example, the dry fin narrownose smooth-hound shark was exported mainly to China RAE Hong Kong (45 t at an average
price of USD 5,270) while frozen meat was exported to Singapore (36 t, average price USD 943).

España
4 t

Brasil
 5 t

Vietnam
5 t

Indonesia
10 t

Singapur
36 t

China RAE 
Hong Kong

61 t

Figure 15. Main export destinations in 2016 of Argentina. Narrownose smooth-hound shark 
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