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Abstract: In this study, the gutted length-weight relationships and condition factor of the 4
Holothuria species (Holothuria tubulosa, Holothuria polii, Holothuria mammata and Holothuria
sanctori) living in the Aegean Sea were determined.

The sea cucumber samples were obtained between November 2014 and December 2018 by
SCUBA and Hookah diving systems in the Aegean Sea. Identification of the species were based
on morphometric characteristics only. Total gutted length (GL) and weight (GW) of each
individual were recorded with an accuracy 0.1 cm and 0.01 g, respectively.
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Ege Denizi’ndeki 4 Farkh Deniz Hiyar Tiiriiniin Boy-Agirhk iliskisi ve
Kondisyon Faktorii

Oz: Bu calismada Ege Denizi’'ndeki 4 farkli Holothuria tiiriinin (Holothuria tubulosa,
Holothuria polii, Holothuria mammata ve Holothuria sanctori) karkas boy agirlik iliskileri ve
kondisyon faktérleri tespit edilmistir. Ornekleme Ege Denizi'nde Kasim 2014-Aralik 2018
tarihleri arasinda SCUBA veya nargile dalis sistemi ile yapilmistir. Tiir tanimlamalari
morfometrik 6zelliklerine gore yapilmustir. Total karkas boyu (GL) 0.1 cm ve total agirligi (GW)

*Sorumlu yazar: 0.01 g hassasiyetle Ol¢lilmiistiir. Dort tiire ait toplam 18248 adet birey Orneklenmis ve
Mehmet AYDIN olciilmistiir. H. tubulosa i¢in ortalama karkas boyu 13.20+3.44 cm ve ortalama karkas agirlig:
e ‘T’;f;;ey 66.34+30.93 g olarak, H. polii i¢in 10.45+2.06 cm ve 49.33+19.68 g olarak, H.mammata igin
53: maydin69@hotmail.com 13.07+3.86 cm ve 68.08+36.73 g olarak, H. sanctori i¢in 18.62+3.02 cm ve 102.34+21.76 ¢
Cep telefonu : +90 (542) 435 62 80 olarak hesaplanmigtir. Biiylime her dort tiirde de negatif allometrik, b degerleri de 1.104 to 1.804

Faks 1 +90 (452) 423 50 53 arasinda oldugu tespit edilmistir.
Anahtar kelimeler: Boy-agirhik iligkisi, Holothuria tubulosa, Holothuria polii, Holothuria

mammata, Holothuria sanctori.

INTRODUCTION

Sea cucumbers are very important component of the detritus food chain and are implied in the recycling of
marine ecosystems, because they play a crucial role in the organic matter by ingestion of sediment (Massin, 1982; Zupo
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& Fresi, 1984; Francour, 1990; Belbachir et al., 2019).
Approximately 1200 known sea cucumber species exist in
the world oceans (Conand, 1990), while 66 of them are
commercially exploited (Purcell, 2010). Sea cucumbers are
harvested and traded in more than 70 countries worldwide
(Purcell et al., 2012). Sea cucumber species (Holothuria
tubulosa Gmelin 1790, Holothuria polii Delle Chiaje 1823,
Holothuria mammata Grube 1840, Stichopus regalis Cuvier,
1817) from Mediterranean Sea are commercial target species
of fisheries since 1990s (Aydin, 2008). Recently, Turkey
acquired a leading position among Mediterranean countries
in the exports of sea cucumbers, the latter being widely
distributed across its Aegean coasts. A considerable increase
in the Sea cucumber fishery of Turkey has been observed
since 1996. The average of past seven years was 419 ton,
2017 production was approximately 855 ton (Aydin, 2017;
TURKSTAT, 2018).

Length-weight relationships are used in fisheries
management. The main objective of this study was to
determine of gutted length-weight relationship and condition
factor of four sea cucumbers species: H. tubulosa, H. polii,
H. mammata and H. sanctori Delle Chiaje, 1823 in the
coastal waters of the Aegean Sea.

MATERIAL AND METHOD

The Aegean Sea is the only area where the sea
cucumber stocks are abundant in Turkey's territorial waters
and the only field where harvesting is legal. The region is
divided into two sub-regions, harvesting is permitted 4 years
in the northern part, 4 years in the southern part (Aydin,
2019a). This study was conducted in this commercially
exploited area (Figure 1).
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Figure 1. Sampling area.

40

Individuals of sea cucumber species were sampled
between November 2014 and December 2018 by SCUBA
and Hookah diving systems in the Aegean Sea (Fig. 1) which
is actually a large data set obtained by the Republic of
Turkey Ministry of Agriculture and Forestry for the purpose
of stock management.
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Individuals of sea cucumber species were sampled
between November 2014 and December 2018 by SCUBA
and Hookah diving systems in the Aegean Sea (Fig. 1) which
is actually a large data set obtained by the Republic of
Turkey Ministry of Agriculture and Forestry for the purpose
of stock management.

Identification of the species was based only on
morphometric characteristics (Aydin & Erkan, 2015). Due
to its abilities to take water and release it, expel internal
organs, extraction or relaxation, the size and weight of the
sea cucumber can vary during morphometric measurements
(Aydin et al., 2011; Gonzalez-Wangtiemert et al., 2014;
Aydin, 2019a; Aydin, 2019b). In addition, being alive or
dead also causes changes in length. Therefore, the sea
cucumber must be kept alive in the seawater until the internal
organs are removed. During measurements a small
longitudinal incision (3 cm) was done on the abdominal area,
the internal organs were removed, and weight (GW) was
measured. After the internal organs are emptied, the
individual is suspended in seawater for 30-60 seconds and
the length becomes more stable. Because of this
characteristic, GW and length (GL) measurements were
carried out within one minute after the internal organs were
removed. Total gutted (removal of alimentary canal, gonads,
and respiratory trees) GL and GW of each individual were
recorded with an accuracy of 0.01 cm and 0.01 g,
respectively. The GL-GW relationships were determined for
all collected individuals by GW= aGLP equation, where GW
is weight (g), GL is length (cm) and “a” and “b” are the
Coefficients of the function obtained from regression
between GW and GL (Ricker, 1975). The “b” value was
tested by t-test to check whether it was significantly different
from 3. When b = 3, it reflects an isometric growth, when it
is b #3 it reflects an allometric growth (positive b > 3 or
negative b < 3) (Froese, 2006).

Fulton’s coefficient of condition factor (K) was
calculated by K=100*GW/GL3 equation, where GL is length
(cm) and GW is weight (g) (Le Cren, 1951; Bagenal, 1978;
Sparre & Venema, 1992; Froese, 2006).

The relationships among the variables were
identified using the regression analysis. The best appropriate
model was selected based on R? value. The observed
differences were evaluated statistically using SPSS 22.0 and
Student’s t-test (Sokal & Rohlf, 1969; Diizgiines et al.,
1983).

RESULTS

During the sampling period, a total of 18248
individuals of sea cucumber belonging to four species were
collected and measured. While number of individuals was
maximum in H. polii (9086), minimum number of
individuals (747) was obtained in H. sanctori. H. sanctori is
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also found to be the species showing the highest gutted
length and weight. Morphometric description of the data-set
used in the length-weight relationship is summarized in
Table 1.

Table 1. Summary of the gutted length (GL)—gutted weight (GW)
data from each species.

GL (cm) GW (g)
Species N Mean+SE Min-Max Mean+SE Min-Max
H. tubulosa 6414 13.20+ 3.44 4-27.3 66.34+ 30.93 7.4-225.0
H. polii 9086 10.45+ 2.06 3.4-18.0 49.33+ 19.68 6.9-135.0
H. mammata 2001 13.07+ 3.86 3.8-27.6 68.08+ 36.73 3.5-230.0
H. sanctori 747 18.62+3.02 9.0-26.9 102.34+21.76  33-185.9
Total 18248

R-squared coefficients of power regression, which is used
for modeling in this study, were found ranged between 0.752
and 0.890 for the length-weight relationships. These models
were estimated as GW = 0.779 GL'7% (R? = 0.833) for H.
tubulosa, GW = 0.682GL8% (R? = (.712) for H. polii, GW
= 0.717 GL™2 (R2 = 0.890) for H. mammata and GW =
4.029 GLMM%R2> = 0.752) for H. sanctori. Negative
allometric growth was observed for all the four species
(Table 2). The weight-length relationship graphics of H.
tubulosa, H. polii, H. mammata and H. sanctori are given in
Figure 2.

Table 2. Regression parameters of the GL-GW relationship
(GW=aGLP") of the 4 sea cucumbers.

N GW=aGL" Significant
Level
Species a b SE(b)  ClI(b) R? Pauly’s t-
testi
t = 136.3
H. tubulosa 6414 0.779 1.702 0.009 1.68-1.72 0.833 (P<0.05)
. t = 100.2
H. polii 9086 0.682 1.804 0.012 1.78-1.82 0.712 (P<0.05)
H.mammata 2001 0.717 1.752 0.012 1.74-1.78 0.890 t = 908
(P<0.05)
H. sanctori 747 4.029 1.104 0.023 1.05-1.15 0.752 t = 815
(P<0.05)

N: number, a and b: intercept and slope of the regression line SE: standard error, R?: coefficient of
determination, CI: 95% confidence interval.
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Figure 2. GL-GW relationship for H. tubulosa, H. polii, H.
mammata and H. sanctori.

In the study, the K values of the species were also
investigated, and the highest K value was observed for H.

82

J. Anatolian Env. and Anim. Sciences, Yi/:5, No:1, (80-85), 2020

polii (4.45), and the lowest for H. sanctori (1.73). The
average, minimum, and maximum K values for each of the
four species are given in Table 3.

Table 3. Fulton’s coefficient of condition factor (K) for the four sea

cucumber species in the Aegean Sea.
K=100GW/GL?

N Mean (K) +SE Minimum Maximum
H. tubulosa 6414 3.07 118 1.0 13.0
H. polii 9086 4.45 1.53 1.4 17.6
H.mammata 2001 3.25 1.09 0.9 12.0
H. sanctori 747 1.73 0.71 0.8 5.5

When the K values were evaluated in relation to
GL, there were abnormal fluctuations in the graph because
the number of individuals in the 4-8 cm length group was
low. It is possible to say that K values of all four species
individuals larger than 8 cm are similar (Figure 3).
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Figure 3. Relationships between condition factor (K) and GL (cm)
for four species.

DISCUSSION

The weight-length relationships and Fulton’s
condition factor are two main parameters used in fisheries
management (Froese, 2006). The studies in the Aegean Sea
related to the weight-length relationships are summarized in
Table 4. The "b" values of the previous studies reported
negative allometric growth (except for Gonzalez-
Wangiiemert et al., 2016) for the species. Similarly,
Veronika et al., (2018) stated that negative allometric growth
for 4 different species in the coasts of Sri Lanka. Negative
allometry was also reported from a study by Venkataraman
(2007) from India. It is known that, when “b” value is
smaller than 3 it means that the species show negative
allometry and it’s a lean, long and flat bodied (Pauly, 1983).
When morphometric structure of the species is considered, it
is normal to estimate the “b” value less than 3. Though there
were many different methodologies used to measure L and
W in Table 4, the average weight of H. tubulosa from this
study was 66.51 g, Dereli et al., (2016) reported as 49.9 g,
Gonzalez-Wangiiemert et al., (2014) reported as 88.7 g,
Gonzalez-Wangiiemert et al., (2016) reported as 83.8 g,
Kazanidis et al., (2010) reported as 108.4 g, Vafeiadou et al.,
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(2010) reported as 61.8 g, Aydin & Erkan (2015) reported as
83.7 g,and Aydin & Emre (2009) reported as 78.62 g.

The average weight of H. polii was higher in every
previous study (except Aydin & Emre, 2009). The study
conducted by Aydin & Emre (2009) did not calculated
average GW, but wet weight. The average GW of H.
mammata was 68.08 g in the study. In other studies, it was
reported as 88.5 g (Gonzalez-Wangiiemert et al., 2016),
109.0 g (Gonzélez-Wangiiemert et al., 2014), 23.0 g
(Navarro et al., 2013), 109.8 g (Aydin & Erkan, 2015), 105.9
g (Aydin & Emre, 2009). It can be said that the differences
are the result of regional differences or using different
measurements.

The average weight of H. sanctori in this study was
higher than previously reported weights (Table 4). It was
observed that H. sanctori was the heaviest among the four
commercial sea cucumbers. Even though the meat ratio of
this species is higher more compared to other species, it is
not commercially used in Turkey. The reason for this is that
the species have cuvier organs, that, when threatened
releases a web of tubulars with very adhesive secretion to the
environment. This defensive mechanism of web of secretion
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is powerful enough to neutralize a fish or a crab, therefore,
the area becomes very sticky and makes it impossible for
harvest or storage (Aydin, 2013).

K is used to compare the wellbeing of an organism
and the health of the environment (Pauly, 1983). The average
K values of four species (H.tubulosa, H. polii, H. mammata
and H. sanctori) were estimated between 1.73 — 4.45. The
study on four different species (H. spinifera, B. marmorata,
S. naso and H. atra) by Veronika et al., (2018) reported
similar values, between 2.688- 4.125. These values indicate
that the species are in good physical condition.

Turkey is the most commercial sea cucumber
producing country in the Mediterranean Basin (Aydin
2019a). Average sea cucumber production for the last seven
years was 419-ton/yr and the total production of 2017 was
approximately 855 tons (Aydin, 2017; TURKSTAT, 2018).
Sea cucumber harvest has an increasing trend in the world,
and due to high fishing pressure, natural stocks are faced
with the threat of rapid collapse. It is reported that there is no
decline in the commercial sea cucumber stocks in Turkish
waters (Aydin, 2019a). The length and weight values
obtained in this study supports this concept.

Table 4. Comparison of WLRs parameters, minimum and maximum Iength weight from different geographical areas.

N Mean GL (cm) Mean GW (g) a R? Locations References
Species Min-Max Min-Max
H. tubulosa(GL-GW) 6414 13.26(4-27.3) 66.51(7.4-225) 0.779 1.702 0.833 Aegean Sea This Study
H. polii (GL-GW) 9086 10.45(3.4-18.0) 49.33(6.9-135.0) 0.682 1.804 0.712 Aegean Sea This Study
H.mammata (GL-GW) 2001 13.07(3.8-27) 68.08(3.5-230) 0.717 1.752 0.890 Aegean Sea This Study
H. sanctori (GL-GW) 747 18.62(9-26.9) 102.34(33-185.9) 4.029 1.104 0.752 Aegean Sea This Study
H. polii(L-EW) 312 16.7(10.4-25.4) 47.3(19.8-79.1) 17.4 1.77 0.14 NE Atlantic, Med. Gonzélez-Wangiiemert et al., (2016)
H. tubulosa(L-EW) 282 20.7(12.2-30.9) 83.8(25.0-159.5) -3.8 43 0.38 NE Atlantic, Med. Gonzélez-Wangiiemert et al., (2016)
H.mammata(L-EW) 298 21.2(12.4-33.5) 88.5(38.0-160.8) -31.0 5.62 0.41 NE Atlantic, Med. Gonzalez-Wangiiemert et al., (2016)
H. polii(EL-EW) 839 10.5(6.5-18.2) 37.5(17-84) 3.10 1.05 0.45 Aegean Sea Gonzélez-Wangiiemert et al., (2014)
H. tubulosa(EL-EW) 754 16.4(8-26) 88.7(30-211) 3.45 1.14 0.41 Aegean Sea Gonzélez-Wangiiemert et al., (2014)
H.mammata(EL-EW) 422 17(10-28) 109.0(30-210) 6.2 1.00 0.52 Aegean Sea Gonzalez-Wangiiemert et al., (2014)
H.mammata 280 234 Gran Canaria Island Navarro et al. (2013)
H. sanctori 2032 18.1 Gran Canaria Island Navarro et al. (2013)
H. tubulosa(L-EW) 314 29.8(13.8-49.4) 108.4(39.4-226.3) 6.71 0.81 0.58 Aegean Sea Kazanidis et al. (2010)
H. tubulosa 350 10.26(4.3-19.7) 61.8(20.3-164.4) Aegean Sea Vafeiadou et al. (2010)
H. sanctori(EL-EW) 340 18.1(11-25) 100.5(51-175.7) 2.320 1.29 0.72 Aegean Sea Aydm (2013)
H. polii(Wet W) 1558 46.3 Aegean Sea Aydm and Erkan (2015)
H. tubulosa(Wet W) 1288 83.7 Aegean Sea Aydin and Erkan (2015)
H.mammata(Wet W) 498 109.8 Aegean Sea Aydn and Erkan (2015)
H. polii(Wet W) 618 59.25(9.2-264) Aegean Sea Aydm and Emre (2009)
H. tubulosa(Wet W) 434 78.62(3-246.2) Aegean Sea Aydm and Emre (2009)
H.mammata(Wet W) 28 105.9(25.1-167.2) Aegean Sea Aydm and Emre (2009)

GL: Gutted length, GW: Gutted weight, L: Length, EL: Eviscerated length,

CONCLUSIONS

In conclusion, base data required for maximum
usage of sea cucumber stocks in a sustainable perspective,
such as length-weight relationship and condition factor
were obtained during this study. The data obtained in this
study are very important for the stock management of these
species, which are exploited and are important part of the
marine ecosystem. Therefore, this data is made available to
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EW: Eviscerated weight.

the relevant institutions for the management of stocks in
the region.
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