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Deep-sea shrimps Aristaeomorpha foliacea
and Pleoticus robustus (Crustacea:
Penaeoidea) in the Colombian Caribbean Sea
as a new potential fishing resource
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In the Colombian Caribbean Sea a shallow water commercial shrimp fishery has been developed, targeting mainly
Farfantepenaeus notialis. Yet, similarly to so many fisheries around the world, the exploitation of this shrimp is not regulated,
and a significant depletion has resulted. This study investigates new fishing areas, exploring the poorly understood deep-sea
habitats in the Colombian Caribbean Sea, to determine the potential for a viable deep shrimp fishery, studying their abun-
dance and spatial distribution. We found high abundances for giant red shrimp (Aristaeomorpha foliacea) and royal red
shrimp (Pleoticus robustus), both important commercially. The higher biomass of these two deep-sea shrimp species were
found mainly in the northern zone of the Colombian Caribbean Sea, where the local oceanography is modulated by the sea-
sonal upwelling with high productivity. The size-structure following depth strata showed that A. foliacea increase in size with
the depth and the contrary for P. robustus. The majority of adult individuals in these two deep-sea shrimp species reflect the
non-fished populations in the study area. However, more scientific assessment is necessary to determine life cycle population
parameters of deep-sea shrimps and associated biodiversity before initiating a new commercial shrimp fishery.
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INTRODUCTION

Most tropical shrimps around the world are fully exploited
and particularly when fisheries management is inefficient or
lacking, serious socio-economic problems have resulted
(Guillet, 2008). The failure in fisheries management has
mainly originated under the pressure of the increased catch
rate, a response to intense social-political pressure to obtain
bigger catches in the short term and the intrinsic uncertainty
of fisheries (Pauly et al., 2002, 2003). Therefore, fisheries man-
agement requires a delicate balance between extraction and
conservation of biodiversity and the ecosystem structure and
function (Pikitch et al., 2004; Bianchi, 2008; Stokstad, 2009;
Zhou et al., 2010), yet fisheries management must also con-
sider food sources, income and livelihoods (Bianchi, 2008).
Successful fisheries management also requires that the auth-
orities incentivize conservation and strong management strat-
egies (Beddington et al., 2007; Worm et al., 2009), based on
the characteristics of the habitats and its organisms (Pitcher
et al., 2007). In the Colombian Caribbean Sea the shallow
water shrimp fishery targets Farfantepenaeus notialis (Pérez
Farfante, 1967), Farfantepenaeus brasiliensis (Latreille,
1817), Farfantepenaeus subtilis (Pérez Farfante, 1967) and
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Litopenaeus schmitii (Burkenroad, 1936) with F. notialis con-
stitute ~70% of the total shrimp catch. This is a typical case of
a collapsed-uncontrolled fishery with different development
stages such as growth, fully-exploited, over-exploited, collapse
and probably a recovery stage, resulting in a significant
depletion of shrimp stock (Paramo & Saint-Paul, 2010). In
this sense, due to failure of traditional fisheries management
measures, there is a necessity for additional fisheries manage-
ment measures to those used traditionally that contribute to
protect the fishing resources and to improve the fishing pro-
duction, such as the identification of marine protected areas
that have emerged as a tool for marine conservation and fish-
eries management (Worm et al., 2006; Fraser et al., 2009;
Paramo ef al., 2009). Therefore, the future development of
the fishing sector should focus on the search for new
resources that are economically attractive, yet at the same
time exploitation should not put at risk sustainability. At
the moment, there is no developed deep-sea fishery in the
Colombian Caribbean Sea. The giant red shrimp
Aristaeomorpha foliacea (Risso 1827) found in the deep
waters of the Mediterranean Sea is a commercially important
shrimp (D’Onghia et al., 1998; Figueiredo et al., 2001;
Papaconstantinou & Kapiris, 2003; Politou et al., 2004;
Mouffok et al., 2008). This species has a wide geographical
distribution from the Mediterranean Sea and the eastern
Atlantic, the western Atlantic, the Indian Ocean and the
western Pacific from Japan to Australia, New Zealand and
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the Fiji Islands (Tavares, 2002). Aristaeomorpha foliacea is
found in deep waters from 250 to 1300 m over bottom mud
and is actively fished because of its high commercial value
(Tavares, 2002). Gracia et al. (2010) recently explored deep
waters off the Yucatan Peninsula in Mexico and showed
that A. foliacea and Pleoticus robustus represent a potential
fishing resource. Nowadays, A. foliacea constitute a valuable
deep shrimp fishery off the south-eastern and southern
sectors of the Brazilian coast (Dallagnolo et al., 2009). The
royal red deep shrimp (P. robustus) inhabits continental
slopes from 180 to 730 m depth, but larger abundances
are found at depths between 250 and 475 m over mud,
sand, muddy sand, or white calcareous mud. This species is
only captured in high abundances off the coast of north-
eastern Florida, near the Dry Tortugas Islands, in the
Mississippi delta and also off the coast of Venezuela
(Tavares, 2002). This study is the first attempt to explore
new fishing grounds in poorly understood deep-sea habitats
of the Colombian Caribbean Sea, to determine the potential
for a viable deep-sea shrimp fishery studying the abundance
and spatial distribution of the giant red shrimp
(Aristaeomorpha foliacea, Risso 1827) and royal red shrimp
(Pleoticus robustus, Smith 1885), both species with increasing
commercial value.

MATERIALS AND METHODS

Study area and sampling design

The Colombian Caribbean Sea is characterized by north-east
trade winds with surface currents flowing in west and south-
west directions almost parallel to coast. These trade winds are
responsible for upwelling in the north zone of the study area,
which increase the productivity on the Guajira coast (Andrade
et al., 2003; Paramo et al., 2003, 2009). Two experimental
trawl surveys were carried out in 2009, the first in

November (south zone) and the second in December (north
zone). Data were collected by trawling in depths ranging
between 200 and 550 m (100 m strata intervals) in the
Colombian Caribbean Sea. The location of trawl was based
on trawlable bottoms found by the commercial echosounder
FURUNO FCV 1150 with a transducer at a frequency of
28 kHz, on a grid of 87 stations, with at least two hauls per
100 m depth stratum (Figure 1). Samples were collected by
the commercial shrimp trawler ‘Tee Claude’ using a trawl
with a cod-end mesh size of 44.5 mm from knot to knot.
Data between the Cartagena and the Magdalena River were
not collected due to the irregular depths. The haul duration
was 30 minutes and the distance travelled by the net was esti-
mated by means of a GPS Garmin MAP 76CSx. The shrimp
catch from each haul was calculated into biomass (kg
km™?). The swept area was estimated from the spread of the
net (11.58 m) and the speed of the vessel (average 2.5 knots)
(King, 2007).

Size-structure analysis

Catches were identified at the species level. The total weight,
sex and numbers of individuals per species from each
station were recorded. All the specimens were weighed to
the nearest 0.1 g and the cephalothorax length (CL) was
measured to the nearest 0.1 mm using callipers from the pos-
terior margin of the ocular indent to the posterior margin of
CL. Size-frequency data of CL for female and male and for
depth-strata of A. foliacea and P. robustus were analysed as
a mixture of probability density functions, whose modes
depend upon a combination of the distances between
means, the magnitudes of the variances and the proportion
of the individual numbers in each mode and the overall
sample size, using the software MIX (Mixture Analysis)
(MacDonald & Pitcher, 1979). The approach used was
to minimize the Chi-squared value and to obtain a P value
in which the observed and estimated distributions were
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Fig. 1. Study area in the Colombian Caribbean Sea. Circles indicate the sampled stations.
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Fig. 2. Size-frequency distributions of cephalothorax

Aristaeomorpha foliacea and Pleoticus robustus.
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not significantly different (MacDonald & Pitcher, 1979).
Differences in the frequency distributions among females or
among depth-strata for both females and males were assessed
using a non-parametric Kruskal-Wallis multi-sample test
(Gotelli & Ellison, 2004). To determine which strata contrib-
uted to the observed significant differences, multiple
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comparisons using the Nemenyi and Dunn test were com-
puted (Zar, 2009).

Spatial analysis

Geostatistical analyses (Cressie, 1993; Petitgas, 1993) were
used to describe the spatial structure of the deep shrimp dis-
tribution, as well as the mean density, biomass and its var-
iance. The experimental variogram is defined as the variance
of difference between values that are / units apart.

R 1 N(h)
W) =y 21200 = <+ ]

where y(h) is semivariance, h is a vector of distance and direc-
tion, and N(h) is the number of pairs of observations at dis-
tance h and given direction, z(xi) is the shrimp density of
A. foliacea for the ith data point. Since the P. robustus
density was characterized by very many small and few large
values, which can impact the variogram pattern and par-
ameters (Paramo & Roa, 2003; Mello & Rose, 2005), we
chose the robust (or stable) variogram estimator for this
species (Cressie & Hawkins, 1980; Cressie, 1993).

N(h) 4
(z l2(x) — 20+ h>|°-5)
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In order to evaluate whether the spatial autocorrelations
vary according to direction (anisotropic processes), exper-
imental variograms were calculated for the raw data in four
directions (0°, 45°, 90° and 135°). The spherical model of var-
iogram was the most appropriate to explain the experimental

Table 1. Frequency distribution parameters (proportions, means and standard deviations) for each mode of the histograms of cephalothorax length of
Aristaeomorpha foliacea and Pleoticus robustus by sex and strata.

Strata (m) Species Sex Proportions Means Standard deviations X P value
p1 p2 p3 751 J7% M3 o1 o2 o3

All A. foliacea F 0.02 0.46 0.52 21.33 36.70 49.84 0.99 7.38 4.73 19.06 0.211
All A. foliacea M 1.00 - - 34.90 - - 5./40 - - 79.57 0.000
All P. robustus F 0.13 0.68 0.20 27.97 42.28 53.99 3.79 4.63 3.70 17.25 0.243
All P. robustus M 1.00 - - 31.81 - - 4.39 - - 72.16 0.000
200-300 A. foliacea F 0.18 0.67 0.15 22.39 35.22 47.57 1.93 4.88 2.83 6.4 0.696
300-400 A. foliacea F 0.02 0.41 0.57 21.00 34.43 47.31 1.01 5.74 6.00 16.3 0.294
400-500 A. foliacea F 0.10 0.90 - 33.09 48.94 - 5.80 5.07 - 12.2 0.594
>500 A. foliacea F 0.18 0.82 - 44.11 54.18 - 4.26 2.92 - 10.1 0.183
200-300 A. foliacea M 1.00 - - 28.87 - - 3.24 - - 2.6 0.631
300-400 A. foliacea M 1.00 - - 34.34 - - 4.29 - - 22.4 0.033
400-500 A. foliacea M 1.00 - - 34.70 - - 3.18 - - 9.4 0.153
>500 A. foliacea M 1.00 - - 37.24 - - 3.29 - - 1.4 0.922
200-300 P. robustus F 1.00 - - 43.46 - - 8.13 - - 16.7 0.274
300-400 P. robustus F 0.04 0.96 - 22.75 45.35 - 3.88 6.46 - 9.3 0.813
400-500 P. robustus F 0.29 0.41 0.30 30.98 41.59 50.60 4.97 2.94 5.37 12.0 0.608
>500 P. robustus F 0.14 0.73 0.13 26.55 43.18 57.63 2.78 3.95 2.14 18.1 0.079
200-300 P. robustus M - - - - - - - - - - -
300-400 P. robustus M 1.00 - - 33.71 - - 3.82 - - 9.1 0.104
400-500 P. robustus M 1.00 - - 31.51 - - 4.52 - - 76.9 0.000
>500 P. robustus M 1.00 - - 28.66 - - 4.34 - - 4.3 0.366
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Fig. 3. Size-frequency distribution of cephalothorax length by sex and depth- strata for Aristaeomorpha foliacea and Pleoticus robustus.

variograms according to the weighted least-square minimiz-
ation criterion (Cressie, 1993). Finally, ordinary point
kriging was used to reproduce the stochastic processes
across the region of interest, i.e. the mean density inside the
spatial distribution area of these deep-sea shrimps (Isaaks &
Srivastava, 1989). To estimate the variance of the mean
shrimp density, the intrinsic geostatistical method was
applied, in which the variance is dependent on the geometry
in the area of spatial distribution, the sampling design,
and the variogram structure (Petitgas & Prampart, 1995;
Rivoirard et al., 2000). The spatial analysis were carried out
in the R software (geoR library) (Ribeiro & Diggle, 2001).
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RESULTS

Size-structure of deep-sea shrimps

Statistically significant differences for both species between
sexes were found (Figure 2), revealing sexual dimorphism
(P < 0.01). Males were smaller than females in both species.
The Kruskal - Wallis multisample test shows significant differ-
ences among depth-strata for both females and males of
A. foliacea and P. robustus (P < o.o01). The size-structure for
A. foliacea females ranged between 18.5 and 63.1 mm CL
(mean 44.2 + 9.4 mm) and for males between 23.5 and
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Table 2. Nemenyi and Dunn test for differences between means of cepha-
lothorax length by strata for Aristaeomorpha foliacea and Pleoticus robus-
tus. Strata: I (200-300 m), I (300-400 m), III (400-500 m) and IV (>

500 m).

Strata A. foliacea P. robustus

Female Male Female Male
I-1I 0.000 0.000 0.717 -
I-1II 0.000 0.000 0.214 -
I-1v 0.000 0.000 0.764 -
II-1I1 0.000 0.730 0.000 0.005
II-1v 0.000 0.268 0.169 0.022
I-1v 0.036 0.565 0.668 0.255

59.1 mm CL (mean 35.8 + 5.1 mm). The entire frequency-
distribution of CL was characterized by 3 modes for the
females of A. foliacea (Table 1). The first two modes of the
total abundance represented 48% and the third 52% (mean
49.8 mm CL). In males of A. foliacea, one mode with
34.9 mm of CL was observed. The CL frequency-distribution
for P. robustus for females ranged between 21.2 and 62.8 mm
CL (mean 43.8 + 8.4 mm) and for males between 24.3 and
54.8 mm (mean 32.7 + 4.0 mm). Furthermore, P. robustus
showed three modes for females, the first mode represented
13% (size mean 28.0 mm CL) and the other two modes
represented 68% (mean 42.3 mm CL) and 20% (mean
54.0 mm CL), respectively. The males of P. robustus showed
one mode with 31.8 mm CL.

The size-structure for female A. foliacea showed an
increase in CL with depth, having a three modal trend for
the 200-300 and 300-400 m strata and two modes for
400-500 and >3500 m strata (Figure 3; Table 1). The males
of A. foliacea had a modal structure, also an increasing CL
with depth. The means of CL of A. foliacea female differ sig-
nificantly among strata, but means of males differ only in
the first strata in comparison to the others (Table 2).
Otherwise, the shrimp P. robustus showed a tendency to
decreasing size with depth. The three modal dispositions for
females in this species were found in the 300-400 and
>500 m, the males showed a one-modal size-structure in all
strata (Table 1). The means of CL of the P. robustus females
and males only show significant differences for the 300-400
versus 400 - 500 m depth-strata (Table 2).

Table 3. Analysis of anisotropy, a spherical variogram model fitted to the
directional empirical variogram and omnidirectional spherical model of
variogram for Aristaeomorpha foliacea and Pleoticus robustus.

Species Parameter 0° 45° 90° 135°  Isotropic

A. foliacea  Nugget 281.0 319.9 0.0 311.9  104.5
Nugget (%sill) 259  29.6 0.0  30.0 8.5
Sill 803.1 759.1 985.5 729.5 1130.2
Range 30.0 26.8 21.4 25.4 24.7
Ratio 1.0 1.1 1.4 1.2 -

P. robustus  Nugget 155.9 134.8 148.7 89.3 0.0
Nugget (%sill) 26.8  24.8  24.2 15.5 0.0
Sill 424.8 408.0 465.9 486.5 868.5
Range 30.9 28.1 28.3 25.3 38.2
Ratio 1.0 1.1 1.1 1.2 -
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Spatial analysis

The unidirectional variograms showed spatial similarity in
their modelling of spatial characteristics for both species
(Figure 4A, B). In fact, the anisotropy ratio between the
maximum and minimum value of spatial autocorrelation
range in the unidirectional variograms was less than 2
(Table 3), which suggests the absence of anisotropy.
Therefore, the spatial structure of deep-sea shrimp biomass
(kg km™*) was studied through an experimental isotropic var-
iogram (Figure 4C, D), to which a spherical model was fitted.
The variograms showed a non-resolved structure for the
sampling design to that considered for A. foliacea (8.5%)
and for P. robustus (0.0%) of total variance (nugget as percen-
tage of sill) (Table 3). The autocorrelation range of the shrimp
aggregation for A. foliacea was 24.7 km and for P. robustus
38.2km (Table 3). For both shrimps the higher biomass
values were distributed in well defined spatial patches in the
northern zone of the Colombian Caribbean Sea (Figure s5).
The bulk of biomass for both species was distributed
between Santa Marta and Riohacha. However, the patches
of P. robustus were more abundant, with higher concen-
trations off Punta Gallinas. In the southern zone, this
species revealed high abundances between the Cartagena
River and south-west off the Morrosquillo Gulf. Pleoticus
robustus presented higher values of mean density and
biomass than A. foliacea; the precision was between 10.0
and 23.3%, respectively (Table 4).

DISCUSSION

The deep-sea shrimps have a patchy distribution (D’Onghia
et al., 1998; Belcari et al., 2003), which justifies the importance
of using spatial statistical methods such as the geostatistic to
address the spatial distribution structure and calculate the
biomass more precisely (Paramo & Roa, 2003). Studying the
spatial distribution of populations is of great importance for
ecological studies, because most of marine organisms are
not distributed at random, rather, they are forming patches,
gradients or other types of spatial structures (Legendre &
Legendre, 1998; Rivoirard et al, 2000; Paramo & Roa,
2003). Also, successful fisheries management in new fisheries
requires knowledge about population abundance, the spatial
distribution and size structure (Rivoirard et al., 2000), since
failure to recognize spatial complexity of fisheries has resulted
in stock collapses (Hilborn & Walters, 1992; Katsanevakis &
Maravelias, 2009). The higher biomass of these two deep-sea
shrimp species were found mainly in the northern zone of
the Colombian Caribbean Sea, where the local oceanography
is modulated by the seasonal upwelling with high productivity
(Paramo et al., 2003, 2009). In the eastern Ionian Sea A. foliacea
is associated with areas of significant upward nutrient trans-
port, which may result in greater biological productivity
(Politou et al., 2004).

Our results showed that in both species the number of
females was higher than males. This characteristic was also
found for A. foliacea in the Mediterranean Sea indicating segre-
gation between sexes (D’Onghia et al., 1998; Papaconstantinou
& Kapiris, 2003). The different modes showed for both species
(3 modes for females and 1 for males), which agree with the
growth of A. foliacea in the Mediterranean Sea, in females
is faster than males and the longevity of females (3-4
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year-classes) is higher than males (2 year-classes)
(Papaconstantinou & Kapiris, 2003). The mean size of A. foliacea
(female 44.2 mm; male 35.8 mm CL) is similar to the same
species found at an unexploited fishing ground in the Greek
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Ionian Sea in depths between 250 and 8oom
(Papaconstantinou & Kapiris, 2003) and higher than the size
of maximum reproductive potential in females (37.11 mm CL)
(D’Onghia et al, 1998). The pattern of increasing size
with depth was also found throughout the Mediterranean
basin (Politou et al, 2004), in the Greek Ionian Sea
(Papaconstantinou & Kapiris, 2003), and on the Portuguese con-
tinental slope (Figueiredo et al, 2001). D’Onghia et al. (1998)
found that the very small individuals of A. foliacea in the north-
western Ionian Sea had a shallower distribution (upper 500 m).
Additionally, during the winter—spring season the population
rise out from deepest areas and migrate to the upper slope.
Then, after the mating peak in summer, when spawning takes
place, the population is again displaced on the deeper grounds
(D’Onghia et al., 1998). Therefore, the bathymetric gradient in
size could be explained by reproductive aspects and spatial seg-
regation of the different year-classes. Pleoticus robustus showed a
mean size (female 43.8 mm; male 32.7 mm CL) similar to what
has been reported off the Yucatan Peninsula in Mexico (Gracia
et al., 2010). Our study found that the majority of adult individ-
uals in these two deep-sea shrimp species reflect the non-fished
populations in the study area. The A. foliacea biomass reported
here was higher than the same species from the Balearic Islands
(0.76 kg km™*) and western Ionian Sea (1.00 kg km™?), but
similar to that reported from the eastern Ionian Sea (14.33—
95.35 kg km™?) (Politou et al, 2004), which provides crucial
support to the proposed development of a new fishery in the
Colombian Caribbean Sea.

The non-overlapping of abundances in spatial distribution,
suggest use of different niche areas. However, A. foliacea is
found from 250 to 1300 m (Tavares, 2002) and higher concen-
trations were located between 500 and 600 m in the Greek
Ionian Sea (Papaconstantinou & Kapiris, 2003), therefore,
more research is need in deeper strata to delimit the spatial
distribution of this species in the Colombian Caribbean Sea.
Our results point to the necessity of more scientific biological
research to aid in the understanding of the life cycle par-
ameters of these deep-sea shrimps, including growth,
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Table 4. Assessment of biomass of deep-sea shrimp species obtained by geostatistic in the Colombian Caribbean Sea.

Shrimp species Estimated mean biomass (kg km™?) Estimated total biomass (kg) Variance Coefficient of variation (CV %)
Aristaeomorpha foliacea 16.3 457 947 14.3 23.3
Pleoticus robustus 34.6 1037 106 12.1 10.0

recruitment, mortality, areas and seasons of spawning,
nursery regions, and associated biodiversity, before beginning
concrete steps to initiate a new commercial fishery.
Management and conservation strategies, taking into
account the ecosystem approach to fisheries management
must be also considered. The substantial marketability of
these deep-sea shrimp species, not only on the local level
but also in numerous international markets (Belcari et al.,
2003; Papaconstantinos & Kapiris, 2003), make these
deep-sea shrimps a potential new economic resource in the
Colombian Caribbean Sea.
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