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Abstract

Aspects of population dynamics of Spinycheek lanternfish Benthosema fibulatum (Gilbert
and Cramer 1897), caught off the south-west coast of India were studied. The asymptotic length
(L) and growth constant (K) were estimated at 108 mm and 0.460 yr respectively while tmax was
worked out as 6 years. Benthosema fibulatum grows faster initially and attains a total length of
101.22 mm over 6 years. The coefficients of total mortality (Z), instantaneous natural mortality
(M) and fishing mortality (F) were estimated as 2.32 yr?, 0.51 yrtand 1.81 yr? respectively. The
exploitation rate (E) was estimated as 0.78 yr™. Size at first capture (Lc) was estimated as 62.84
mm TL. The relative yield per recruit reached maximum at an exploitation rate (Emax) of 0.772.
Though there has been no targeted fishery for myctophids in the area of study, they constituted a
significant proportion of bycatch of deep sea shrimp trawlers. Benthosema fibulatum stock may be
unsustainable when fishery intensifies in future to meet demand from fish meal industry, unless
proper action is taken to manage the stocks.
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Introduction

Myctophids are dominant representatives among mesopelagic communities and are known
to be abundant in the world oceans with their largest concentrations in the Indian ocean (Gjosaeter
1984; Shilat and Valinassab 1998; Jayabalan 2011; Catul et al. 2011). The global biomass of
mesopelagic fish was estimated at 948 million t (Gjosaeter and Kawaguchi 1980) and 999 million
t (Lam and Pauly 2005). However, recent acoustic observations indicate the possible existence of
higher biomass and demand further revisions of estimates (Irigoien et al. 2014).
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Most of the myctophids grow fast (Childress et al. 1980) and have a high rate of mortality
(Gjosaeter and Kawaguchi 1980). However, information on aspects of population dynamics on
myctophids is limited. The age and growth of Benthosema glaciale (Reinhardt 1837) has been
reported (Halliday 1970; Gjosaeter 1981; Albikovskaya 1988; Garcia-Seoane 2013) while in
another study Gartner (1991) estimated the growth rate of a subtropical species Benthosema
suborbital (Gilbert 1913), inhabiting the eastern Gulf of Mexico. Giragosov and Ovcharov (1992)
studied the growth of Myctophum nitidulum Garman 1899 of tropical Atlantic waters while
Hayashi et al. (2001) determined the age of Myctophum asperum Richardson 1845, inhabiting
Kuroshio waters.

Benthosema fibulatum (Gilbert and Cramer 1897), the spinycheek lantern fish inhabits
between 100-1000 m depth. Several studies have reported the distribution of B. fibulatum in the
Arabian Sea (Kinzer et al. 1993; Valinassab 2005; Valinassab et al. 2007; Karuppasamy et al.
2006, 2010). However, commercial fisheries targeting these myctophids are limited. They do not
constitute targeted fishery in Indian waters, however, large quantities are caught as bycatch in
deep-sea shrimp trawlers operating off the south-west coast (Boopendranath et al. 2009; Pillai et
al. 2009; Sebastine et al. 2013). The commercial exploitation of mesopelagic resources may
increase in the future due to the growing demand by various sectors including the aquaculture feed
industry for the production of fish meal, fish oil and fish silage (Shaviklo 2012; Shaviklo and
Rafipour 2013). The present account encompasses the results of studies on age, growth and stock
dynamics of spinycheek lanternfish Benthosema fibulatum (Gilbert and Cramer 1897), inhabiting
the south-west coast of India. The results of the study will be helpful for the development of
suitable management models for the sustainable exploitation and utilisation of spinycheek
lanternfish in the area.

Materials and Methods

A total of 453 specimens of B. fibulatum having total length ranging from 48 to 85 mm were
collected from the bycatch of deep-sea shrimp trawlers operating off the south-west coast of India,
during the period September 2009 to May 2012, barring the trawl ban period from 15 June to 31
July. The specimens were caught from the depth range of 300-400 m and stored in chilled
condition until analysis. Length measurements were grouped into 5 mm class intervals. The growth
parameters were estimated using ELEFAN | programme incorporated in the FAO-ICLARM Stock
Assessment Tools (FISAT) software (Gayanilo et al. 1996). The growth was described using von
Bertalanffy growth formula (VBGF) (von Bertalanffy 1957) Lt = L. [1-e* ¢%)], where L. is the
fish length at t age (mm); L is the maximum asymptotic length a fish can theoretically reach; K
IS curvature growth constant per year; and to is age at zero length. Best growth curve was identified
by scan of K-values. The estimate of to was worked out using von Bertalanffy plot (von Bertalanffy
1934) in which the results of the regression of —In (1-Lt/L) against t was used to calculate to
following equation to=-a/b. The length based growth performance index (¢) was calculated
following Pauly and Munro (1984). Life span was estimated following the equation: tmax = 3/K
(Pauly 1983a).
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The total mortality (Z) and instantaneous rate of natural mortality (M) were estimated by
length converted catch curve method (Pauly 1983b, 1984) and Pauly’s empirical formula (Pauly
1980) respectively using FISAT software. Fishing mortality was estimated as F = Z-M and the
exploitation ratio (E) as E = F/Z. The probability of capture, relative yield per recruit and biomass
per recruit were worked out using FISAT software (Gayanilo et al. 1996).

Results

Growth parameters (L and K)

Length frequency data ranging from 48 to 85 mm total length (TL) were used for estimating
growth parameters of B. fibulatum inhabiting the south-west coast of India. The growth parameters
asymptotic length (L) and growth constant (K) were estimated at 108 mm and 0.460 yr
respectively. The value of length at zero age (to) was estimated at -0.02. The restructured length
frequency data of population of B. fibulatum and the superimposed growth curve fitted with highest
levels of Rn is given in the Fig. 1. The von Bertalanffy Growth formula for B. fibulatum based on
the parameters estimated in the present study can be expressed as, Lt = 108* [1 - 0460 (+002)],

Growth and lifespan

The VBGF growth curve of B. fibulatum inhabiting the south-west coast of India is shown
in Fig. 2. It appears that this species grows faster in the first year to attain 40.4 mm while the
lengths attained at the end of 2" to 6 years were 65.34 mm, 81.07 mm, 90.99 mm, 97.27 mm
and 101.22 mm, respectively. The growth performance index (@) was estimated as 3.73. The
lifespan of B. fibulatum was estimated as 6 years based on empirical formula 3/K (Pauly 1983a).

Asymptotic length (Lec):  108.00  Amplitude of oscillation (C): 0.000  Starting sample (SS): 1
VBGF growth constant (K): 0.460  "Winter point" (WP): 0.000 Starting length (SL): 60.00
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Fig. 1. The restructured length frequency data with super-imposed growth curve fitted at highest levels of Rn
values, for Benthosema fibulatum inhabiting the south-west coast of India.
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Fig. 2. von Bertalanffy growth curve of Benthosema fibulatum inhabiting the south-west coast of India.

Mortality estimation

The catch curve for mortality estimates of the population of B. fibulatum in the south-west
coast of India is shown in the Fig. 3. The coefficient of total mortality using bycatch curve method
was 2.32 yr!. The instantaneous natural mortality (M) estimated as per Pauly’s empirical formula
was 0.51 yrt. The fishing mortality coefficient (F) and exploitation rate (E) were 1.81 and 0.78

respectively.
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Fig. 3. Length converted catch curve of Benthosema fibulatum inhabiting south-west coast of India.



Asian Fisheries Science 31 (2018):161-171 165

Probability of capture

Figure 4 shows the probabilities of capture with respect to B. fibulatum inhabiting the south-
west coast of India. Size at first capture (Lc) of B. fibulatum was estimated as 62.84 mm. The
probabilities of capture values were estimated at L2s = 58.61 mm, Lso = 62.84 mm and L7s = 67.06
mm respectively.
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Fig. 4. Probability of capture of Benthosema fibulatum inhabiting the south-west coast of India.
Relative yield/recruit (Y/R) and biomass/recruitment (B/R)

The relative yield per recruit and biomass per recruit of B. fibulatum inhabiting the south-
west coast of India are shown in Table 1 and Fig. 5. The Lso/L. and M/K values used for Y’/R
analysis were 0.582 and 1.110, respectively. The exploitation rate at which the marginal increase
in relative yield per recruit becomes 1/10™ of its value at E=0 (E o) was estimated at 0.658 while
the exploitation rate at which the stock would be reduced to 50% of its unexploited biomass (Eos,)
was estimated at 0.388. It could also be noted that the yield per recruit reaches a maximum at an
exploitation rate (Emax) of 0.772.

Table 1. The details of Y’/R and B/R at various levels of exploitation rate (E) with respect to Benthosema fibulatum
inhabiting the south-west coast of India (Parameters: Emax: 0.772 E-50: 0.388; E-10: 0.658; M/K: 1.110; L¢/L:
0.587).

E Y/R B/R E Y/R B/R
0.01 0.018 0.862 0.60 0.079 0.276
0.20 0.035 0.730 0.70 0.083 0.186
0.30 0.050 0.605 0.80 0.084 0.110
0.40 0.062 0.486 0.90 0.081 0.047

0.50 0.072 0.376 0.99 0.076 0.004




166 Asian Fisheries Science 31 (2018):161-171

1.00 0.10
3 T 008 - N———————
o 075 = N
5 3 0.7 l
7} S [
Q Q
['4 ['4 l
5 0s0f 3 005}———
g ® | l
5 % | |
2 2 003 | [
© o025} 2 |
s © 0.02 |

0.00 L 0.00 b o 1

0.0 0.2 0.4 0.6 0.8 1.0
Exploitation ratio (E)

Fig. 5. Relative yields and biomass per recruit of Benthosema fibulatum inhabiting the south-west coast of India.
Discussion

The present results revealed that B. fibulatum undergoes a rapid growth initially and a slow
growth in later stages which conforms to typical growth pattern in most myctophids (Smoker and
Pearcy 1970; Filin 1997). The negative to value worked out in the present study also indicated
faster growth rate at the juvenile stage (Walford 1946). The total length of B. fibulatum recorded
in the present study ranged from 48 to 85 mm. However, Hussain (1992) reported a maximum
length of 102 mm in B. fibulatum inhabiting Northern Arabian Sea. The L. value computed in the
present study is greater than the Lmax Values reported by Hussain (1992). Maximum length of B.
pterotum, another myctophid of eastern Arabian Sea has been reported as 56 mm (Karuppasamy
et al. 2008).

In the present study, the maximum age of this species was deducted as 6 years as evidenced
from 3/K (Pauly 1983). It has been reported that B. glaceile, a related species lives 4 to 8 years
(Halliday 1970; Gjosaeter 1981; Albikovskaya 1988; Garcia-Seoane 2013). The L., value in the
present study is much higher than 75 mm and 83.06 mm as reported for B. glaciale (Gjosaeter
1973, 1981). The present estimate of growth parameter in B. fibulatum is comparable to 0.45 of B.
glaciale (Gjosaeter 1973), though a low value of 0.20 was also reported in the latter species
(Gjosaeter 1981).

In the present study, the lengths attained by the fish at the end of 1% year to 6" year revealed
that growth is fast during the 1% year of life, however, it decreased thereafter. It appeared that this
species takes more than 6 years to reach Lmax 102 mm. The growth of deep water species does not
show much seasonal changes since they are less affected by seasonal hydrographic changes such
as temperature and food availability, compared to shallow water species (Kawaguchi and
Mauchline 1982). Availability of food and prevailing water temperature are two main factors
affecting growth rates of deep sea fishes.
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The abundance of B. fibulatum in Arabian Sea is generally in water column having low
temperatures ranging from 10 to 14 °C. The slower growth rate may be due to the low water
temperatures prevailing in deep waters. Most myctophids undertake diurnal migration from a
depth of minimum oxygen to the oxygen-rich surface layer at night for feeding (Kinzer et al. 1993;
Klevjer et al. 2012; Dypvik et al. 2012; Dypvik and Kaartvedt 2013). They are known to swim at
a speed of 3 to 5 m.s during ascending (Luo et al. 2000; Klevjer et al. 2012) and move almost
twice as fast during descending (Klevjer et al. 2012). They constitute important food source for
whales, seals, sea lions, seabirds, large pelagic fishes and other deep-sea fishes and also play an
important role in oceanic energy dynamics (Gjosaeter and Kawaguchi 1980; Kozlov 1995;
Robinson et al. 2010).

In the present study, the size at first capture of this fish was estimated as 62.84 mm. The
results of lengths at age indicated that fish reaches this length at age of 2 years. Vipin (2016) has
reported that this fish at first maturity attains a length of 46.88 mm at the age of 1+ year. It appears
that the present exploited stock comprise of mainly reproductively mature individuals. In the
present study, the value of Z was estimated at 2.32 yr. Gjosaeter (1973) reported a total mortality
rate (Z) of 0.74 in B. glaciale from Norwegian waters. The present estimate of instantaneous
natural mortality was low at 0.51 yrt at 12 °C. However, the M/K ratio in the present study was
1.11 which conforms to the normal range of 1 to 2.5 in most fishes (Beverton and Holt 1959). The
mortality due to fishing (F) in B. fibulatum was 1.81 yr* which is higher than the natural mortality
(M) of 0.51 yr! and the exploitation rate was 0.78 yr. The results of the present study indicate
that the current exploitation rate is close to the maximum. However, any targeted fishery
exploitation may challenge the sustainability of this stock. In contrast, Sebastine et al. (2013)
reported a low exploitation rate of 0.279 and fishing mortality of 0.47 for another myctophid
Diaphus watasei Jordan and Starks 1904, inhabiting the same fishing area.

Though mesopelagic fish stocks are known to be abundant in the world oceans, only a few
countries have commercial fisheries targeting myctophids. Recently, the Iran Fisheries
Organization (Shilat) and the Iran Fisheries Research Organization (IFRO) investigated the
feasibility of developing a commercial fishery for mesopelagic fish in the Oman Sea (Shaviklo
2012). There has been no targeted fishery for myctophids in the study area. However, these are
caught as bycatch during deep-sea shrimp trawling operations and are generally discarded back
into the sea (Boopendranath et al. 2009; Pillai et al. 2009; Sebastine et al. 2013), due to lack of
market acceptance. The discarding of large quantities of this species could generate considerable
ecological and environmental impact (Blanco et al. 2007).

Conclusion

Even though myctophids are not subjected to a targeted fishery, they constitute a significant
proportion of deep-sea trawl catches in the south-west coast of India. Benthosema fibulatum is one
of such myctophid which has largely been exploited along with deep sea trawl catches in the south-
west coast of India, and is being exclusively discarded owing to lack of market acceptance.



168 Asian Fisheries Science 31 (2018):161-171

The present study revealed that this fish lives for 6 years with comparatively slow growth.
The present catch levels are sustainable, as the current exploitation rate is close to maximum.
However, the stock of this species can become unsustainable when the fishery expands and
intensifies in the future, particularly due to demand from fish meal industry. Thus, proper action
should be taken to manage these stocks.
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