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Abstract

The North-west coast of India is a unique marine ecosystem characterised by sustained
productivity and a wide continental shelf. The region is known for several unique resources
with restricted latitudinal distribution. Acetes are one of the major fishery resource of
the Gujarat coast and are often considered the keystone species for the region's marine
ecosystem. Despite its ecological and fishery importance, a minimal assessment has been
done of the area. The present study uses a multi-model approach towards the evaluation of
the stock status of Acetes. Four models, namely CMSY, BSM, zBRT, and OCOM, were applied
to the time series catch data to arrive at the stock status indicators. Artificial intelligence or
machine learning tools like boosted regression trees and neural networks are used in model
fitting. Output was compared across all the four models. CMSY and BSM gave the most
comparable and conservative estimates and are adopted in the present study. The stock
can be classified as sustainable or fully exploited (B/B, , = 1.19-1.20, F/F, ., = 0.79-0.80; B/
B, = 0.59-0.65). Continuous monitoring of the resource is recommended for its r-selected
life history traits.
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Introduction

The Arabian Sea is one of the most
productive Large Marine Ecosystems
(Satyendranath et al.,, 1996; Prakash and
Ramesh, 2007). The north-west of India
along the north-eastern Arabian Sea forms
a unique sub-ecosystem of the Arabian Sea
characterised by a wide continental shelf
(Yadava, 2001; Solanki et al, 2017). The
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e coastal ecosystem along the NW coast of
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India has characteristic winter cooling and
convective mixing, leading to sustained
productivity and a rich assemblage of
marine fishery resources (Solanki et al,
1998; Madhupratap et al, 2001). The
region harbours several unique resources
with restricted latitudinal distribution viz.
golden anchovies, Bombay duck and paste
shrimps (Pradhan et al., 2020; Vase et al,
2019, 20217).

Non-penaeid shrimps contribute around 1.40
lakh t to the marine fish landings of Gujarat,
which is almost 1/5" of the total marine
fish landings of the state (https:/www.
cmfri.org.in/gujarat2018). Acetes form the
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most dominant component of non-penaeid
shrimp fishery (>80%). The fishery can be
characterised as high-volume low-value
resource as the bulk of these are for drying
and subsequent human consumption
or drying, followed by pulverisation for
animal feed. Despite several potential
value addition technologies available,
their adoption in the region is minimal
(Zynudheen et al,, 2004; Vase et al.,, 2021).
Vase et al. (2021) based on a multi-species
diet species matrix proclaimed Acetes as
a keystone species whose sustainability
holds the key for the wellbeing of the overall
commercial fishery of the region. The
species is the major prey item of most of
the predatory high-value fishery resources
of the region and hence exerts a bottom-up
control (Hunt and Mckinnell, 2006) towards
the production at the higher trophic level.

The species under genus Acetes are
characterised by fast growth with short
generation time and hence warrant
a periodic assessment of their stock
and abundance. Despite the ecological
importance of the species in the region
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and its inherent biological traits (r-selected species), very limited
attempts have been made towards the assessment of the health
of the stock (Deshmukh, 1993; Vase et al,, 2021). Vase et al. (2021)
applied the surplus production model over the time series catch
and effort data (2004-2008) and found the resource sustainable as
the catches were almost equal to the estimated MSY. However, in
cases where limited inputs are used in the analysis (data limited), a
multi-model approach (MMA) is always recommended. As catches
are the most available data over a longer temporal scale, a surge
in the catch-based assessment models is seen in recent times.
Also, there is an incorporation of artificial intelligence and machine
learning techniques in model fitting and parameter estimations
in the recently developed methods of stock assessment. In the
present study, we applied four recently developed models viz. CMSY
(Monte-Carlo Catch-MSY), BSM (Bayesian State-space Schaefer
surplus production model), zBRT (Zhou Boosted Regression Tree)
and OCOM (Optimised catch-only assessment method) (Froese
et al, 2017; Zhou et al., 2017a, b) to the time series catch data
to evaluate the stock status of Acetes fisheries of Gujarat coast.
These methods use artificial intelligence and machine learning
techniques like neural networks and boosted regression to estimate
the parameters of the underlying models, which makes them
computationally advanced than their predecessors. Article 6 of
FAO-CCRF (Code of Conduct for Responsible Fisheries) advocates
the adoption of precautionary principles in fisheries management
in case of uncertainty. We compared the outputs of all four models
and adopted the most conservative estimate considering the
underlying uncertainty associated with data-limited methods.

Materials and methods

The time series catch data for the period 2007-19 for Acetes forms
the major input data for the present analysis. The recent data for
the period 2020-22 were not included in the analysis considering
the pandemic-induced alteration during 2020-21 and market-related
issues during 2022 in the region adulterating the landing pattern of
the region. The data was sourced from the National Marine Fishery
Resources Data Centre (NMFDC) of the ICAR-Central Marine
Fisheries Research Institute, Kochi. The details of the four recently
developed models used to arrive at stock status indicators are
mentioned below:

CMSY and BSM

CMSY assumes population growth as per Schaefer Production
model (Schaefer, 1954) given by:

I U ) - R (1)

where B, refers to the biomass in year t, r is the intrinsic growth rate
of population increase, k is the carrying capacity and C, is the catch
for the year t.

When in addition to catch, abundance data (CPUE in the present
case) is provided, a Bayesian state-space implementation of
the Schaefer surplus-production model (BSM) is also applied.
The methods also require priors for the r and k, which may be
calculated based on information on resilience. With information
on time series catch, abundance (for BSM) and informative
priors, the model applies a Monte-Carlo approach to identify
viable population hiomass trajectories (Froese et al, 2017).

We used time series catch data of Acetes along the Gujarat coast
(2007-19) for the present study. We provided derived CPUE from
dol-nets for the period 2015-19 for facilitating BSM. The gear
was selected as the bulk of the catch comes from this gear and
the methods are highly unselective (catch can be treated as a
function of abundance). The duration of CPUE was restricted to
2015-2019 because during this period there was negligible change
in technology, fishing ground and species preference and hence
catch rates can be fairly considered as a proxy of abundance.
A new version of CMSY package CMSY++ was used for the analysis
as it uses more robust artificial intelligence or machine learning
algorithms (neural networks) for finding viable biomass priors from
catch (http://oeanrep.geomar.de/52147/).

ZBRT

Zhou Boosted Regression Tree (zBRT) uses the machine learning
technique to predict the target continuous variable (B/K) (Zhou
etal,2017a). Themethod is based onregression trees. The approach
develops a viable model which predicts the stock depletion based
on catch history, i.e. time series catch data (2007-19) in the present
case. In this approach, each model tree has several interior nodes,
each corresponding to the input variables. Each node splits into two
branches, based on whether a given input variable is greater or less
than a value p (determined by “tree learning”). Each leaf represents
a value of the target variable, given the values of the input variables
represented by the branch from the root to the leaf. A tree can be
“learned” by splitting each predictor into branches and repeating
the sequential splitting process many times referred to as recursive
partitioning. The recursion is completed when the subset stocks
at a node have all the same saturation value, or when splitting no
longer adds value to the predictions. The model uses only the time
series catch as input and hence, is the least data intensive. The
model outputs are B/B,,;, and B/K trajectories (Zhou et al, 2017a).
The zBRT was run using the datalimited2 R package (Free, 2018).

OCOM

Like CMY and BSM, OCOM (Optimised Catch-Only assessment
Method) uses the Schaefer surplus production function. The
function has two unknown parameters, r (intrinsic rate of population
growth) and k (carrying capacity). The depletion d is related to
carrying capacity k as:

A=1-S2T-B/K oo 2)

Where S refers to stock saturation (Zhou et al, 2017a), B, refers
to biomass at time t. If the prior information on r and S (or d)
is available, k in the equation 1 can be estimated. In addition to
time series catch data, the model requires M (instantaneous
natural mortality) as an additional input. Zhou et al. (2012) have
established a relationship between F,,., and natural mortality (M)
based on a global meta-analysis. Assuming r = 2 F, ., as is the
case for the Schaefer model, we can obtain prior for r from M. The
prior for S in the model is based on the parameterised relationship
between Se =B /B, from Zhou et al. (2017b), where S and B, are
stock saturation and biomass at the end of time series and B is
the model-based estimate of unfished biomass. The 0COM was run
using datalimited2 R package (Free, 2018). The stock is categorised
based on Palomares et al. (2018) and Zhang et al. (2020).
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Results and discussion

Along the Gujarat coast, 72.39% of the total crustacean landings
comprise non-penaeid shrimps (CMFRI, 2019). Acetes spp. forms
the bulk of the non-penaeid shrimp landings with a share of 81.8 to
88.3% during the last five years (2015-19) (Fig. 1).

The commercial exploitation of Acetes has registered significant
growth in the last decade with catch increasing from 60000 t close
to over 1 lakh t during the last few years (2016-2019) (Fig. 1). The
operation of dol-net (DN) forms the major means of harvest for
Acetes spp. The relative contribution of dol-nets has recorded an
increase from around 60% in 2007 to over 90% in 2018. The trawl
accounts for less than 20% of the total Acetes landings during the
last few years with the lowest recorded during 2018 (6.4%) (Fig. 2).

The declining share in trawls towards Acetes landings was mostly
due to decreasing contribution from multi-day trawlers (MDTN). On
the contrary, the share of mechanised trawlers (MTN) operating
for a single day in the Acetes landings was more or less the same
over the study period (2007-19), despite a gradual decline in effort.
A decline of over 81% in total effort spent by single-day trawlers
in hours was recorded throughout 2007-19. The targeted Acetes
trawling during some months along the Gujarat coast by the MTN
could be attributed to the higher proportion of Acetes landings.
However, over the years, multi-day trawl operators are more
interested in resources like ribbonfishes and cephalopods for their
high export value and hence the major share of multi-day trawl
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Fig. 1. Time series catch trend of Acetes and non-penaeid shrimps (NP) and
abundance indices (CPUE_DN) for Acetes along Gujarat coast
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Fig. 2. Relative share of Acetes catches in different gears operated along
Gujarat coast (2007-19)
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efforts are dedicated towards these resources (Rahangdale et al.,
20223, b; Kumar et al., 2023) leading to poor catch or retention of
Acetes in MDTN. As far as Acetes fishery is considered, the least
change in fishing grounds and species preference was observed in
multi-day trawlers. An insight into the catch rates (CPUE) reveals a
general increasing trend with inter-annual fluctuation (expected for
the short-lived fast-growing fishes) (Fig. 1). The catch rates from
dol-nets hinted at an increasing abundance of the resource, which
can be attributed to the climate change or decreasing predators.

The dedicated studies on the health of the stocks are limited in
the study region (Deshmukh, 1993; Vase et al, 2021). The most
recent assessment was by Vase et al. (2021) who used catch and
standardised effort from 2004 to 2018 to arrive at parameters like
MSY and B, The study categorised the species as healthy as
the current catch (Y_ ) was found less than the estimated MSY.

However, in their asscéssment, they did not consider the changing
species preference in multi-day trawl operations during effort
standardisation. The estimated CPUE from MDTN may not be a
reliable index of abundance, especially in the context of Gujarat.
Hence, the current study focused on the application of recently
developed catch-only models to evaluate the status of the Acetes
fishery along the Gujarat coast. We applied CMSY, zBRT and
OCOM, which primarily uses time series catch data and additional
information on resilience (CMSY) and natural mortality coefficient,
M (OCOM). It was indicative that catch rates (CPUE) from dol-nets
would be a better index of the abundance of Acetes in the context
of Gujarat. A derived CPUE for the period 2015-19 from dol-nets
was used as an index of abundance to run BSM as an altitudinal
approach to estimate stock status. A multimodal approach is
always advisable in case of a data limited scenario. The estimated
B/B,, ranged between 1.19 and 1.55. The F/F, ., varied from 0.38
to 0.80. The estimates of B/B, were found most consistent across
the models and ranged between 0.59 and 0.79 (Table 1).

The outputs from CMSY and BSM were highly comparable and
gave almost similar outputs (Fig. 3), which reinforces the reliability
of CPUE from dol-nets as an indicator of the abundance of the
resource. Hence, dolnets can be considered as the indicator gear
for monitoring Acetes resources.

Both CMSY and BSM categorise the stock as fully exploited
(sustainable). The other two methods, zBRT and OCOM, put
the resource under the category of being under-exploited. We
recommend the adoption of more conservative estimates from
CMSY and BSM for management advisories. The KOBE plot from
BSM (Fig. 4) shows that the resource has been in the green zone for
the last few years, which is a good sign for the resource and overall
marine ecosystem of the region. Though there is a marginal scope
forincreasing the harvest of Acetes, the non-selective nature of the
dol-nets does not permit further escalation of effort to ensure the
sustainability of other resources landed along with Acetes.

The exploitation rate for the Acetes resource along the coast has
increased over the years, indicated both by increasing catch and
exploitation indices. The current multi-modal comparison of stock
status categorises the stock as sustainable. CMSY and BSM
approach gives the most conservative stock status and should
be given preference over the other two models in the situation of
limited data availability. Considering short generation time and
fast growth with multiple intra-annual recruits, regular monitoring
of the resource is recommended. It is also advised to have an
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Table 1. Estimates of stock status indices from different models and comparison with previous studies

Present/Previous Method Data B/B,, F/F, BB, E Y, /MSY  Stock status
Previous (1993) Length based LF (1980-82) 0.04 0.19-0.23 Under-exploited
Previous (2021) Schaefer Model Catch (2004-18) 0.93 Fully exploited (sustainable)
Effort (2004-18)
Present CMSY Catch (2007-19) 1.19 0.79 0.65 Fully exploited (sustainable)
Resilience (High)
Present BSM Catch (2007-19) 1.20 0.80 0.59 Fully exploited (sustainable)
Abundance (2015-19)
Resilience (High)
Present ZBRT Catch (2007-19) 1.46 0.73 Under-exploited
Present 0coM Catch (2007-19) 1.55 0.38 Under-exploited
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Fig. 3. Qutput of CMSY and BSM for Acetes landed along the Gujarat coast (2007-19)

intermittent fishery-independent survey for the available biomass
of the resource. The resource holds the key to the success of
other fisheries in the region through prey-predator interaction and
hence due priority should be given to research, monitoring and
management formulations.

Acknowledgements

The authors express their gratitude to Dr. A. Gopalakrishnan, former
Director, ICAR-CMFRI, Kochi and Scientist-In-Charge, Veraval
Regional Station of ICAR-CMFRI for providing all the facilities for
carrying out this work. The authors are also thankful to NMFDC
of ICAR-CMFRI for the catch data used in the study. The work
is supported by the institutional research contingency available to
the Indian Council of Agricultural Research-Central Marine Fisheries
Research Institute, Kochi, India.

References

Deshmukh, V. D. 1993. Status of non-penaeid prawn fishery of India and stock
assessment of Acetes indicus Milne Edwards off Maharashtra. Indian
J. Fish., 40(1&2): 50-62. http://eprints.cmfri.org.in/250/.

Free, C. M. 2018. datalimited2: More stock assessment methods for
data-limited fisheries. R package version 0.1. 0. https:/github.com/
cfree14/datalimited?.

Froese, R., Demirel, N., Coro, G., Kleisner, K. M. and Winker, H. 2017.
Estimating fisheries reference points from catch and resilience. Fish
Fish., 18(3): 506-526. https:/doi.org/10.1111/faf.12190.

Hunt Jr, G. L. and McKinnell, S. 2006. Interplay between top-down,
bottom-up and wasp-waist control in marine ecosystems. Prog.
Oceanogr, 68(2-4): 115-124. https://doi.org/10.1016/j.pocean. 2006.02.008.

Kumar, R., Rahnagdale, S., Vase, V. K., Dash, G. and Sarada, P. T. 2024.
Accounting intra-annual variability in mortality and recruitment in stock

© 2023 Indian Council of Agricultural Research | Indian J. Fish., 71 (4), October-December 2024 4



0.0 0.5 1.0
B/B

Catch-based multi-model assessment of Acetes fishery

- 2007

NN
o o
pr g
O —

50% C.I.
80% C.I.
95% C.I.
8.9%
3.5%
12.2%
75.4%

EECOEEEO

1.5 2.0

Fig. 4. KOBE plot indicating the stock status of the resource based on BSM analysis

status evaluation of Parapenaeopsis stylifera fishery of north-eastern
Arabian Sea under moderate data scenario. Reg. Stud. Mar. Sci, 73:
103500. https://doi.org/10.4194/TRJFAS22189.

Madhupratap, M., Nair, K. N. V., Gopalakrishnan, T. C., Haridas, P, Nair, K. K. C.,
Venugopal, P. and Gauns, M. 2001. Arabian Sea oceanography and
fisheries of the west coast of India. Curr. Sci., 81(4): 355-361. https://
www.currentscience.ac.in/Volumes/81/04/0355.pdf.

Palomares, M. L., Froese, R., Derrick, B., Noel, S. L., Tsui, G., Woroniak, J. and
Pauly, D. 2018. A preliminary global assessment of the status of exploited
marine fish and invertebrate populations. https://core.ac.uk/download/
pdf/159128726.pdf.

Pradhan, R. K., Dash, G., Nakhawa, A. D., Ghosh, S. K, Pradhan, S. K,
Jaiswar, A. K. and Shenoy, L. 2020. Spatio-temporal pattern of clupeids
and the changes in quality of Coilia dussumieri caught off Gujarat
coast, India. J. Mar. Biol. Ass. India, 62(1): 66. https://doi.org/10.6024/
jmbai.2020.62.1.2110-08.

Prakash,S.andRamesh,R.2007. Is the Arabian Sea getting more productive?
Curr. Sci., 667-671. https://www.prl.res.in/~library/r_ramesh_80.pdf.

Rahangdale, S., Zacharia, P. U., Kumar, R. and Vase, V. 2022a. Evaluating
the stock status of 10 croaker species landed along the north-eastern
Arabian Sea using the length-based Bayesian biomass approach. Front.
Mar. Sci., 9:952795. https://doi.org/10.3389/fmars.2022.952795.

Rahangdale, S., Kumar, R., Vase, V. and Zacharia, P. U. 2022b. Estimation
of maximum sustainable yield for lesser sciaenids fishery of north-
eastern Arabian Sea using surplus production model with environmental
effects. J. Ichthyol., 62(4): 632-640. https://doi.org/10.1134/S0032945
222040208

Sathyendranath, S., Platt, T, Stuart, V., Irwin, B. D., Veldhuis, M. J,,
Kraay, G. W. and Harrison, W. G. 1996. Some bio-optical characteristics
of phytoplankton in the NW Indian Ocean. Mar. Ecol. Prog. Ser., 132:
299-311. https://doi.org/10.3354/meps132299.

Schaefer, M. B. 1991. Some aspects of the dynamics of populations
important to the management of the commercial marine fisheries. Bull.
Math. Biol., 53(1-2): 253-279. https://aquadocs.org/handle/1834/21257.

Solanki, H. U., Mini Raman, M. R., Beena Kumari, B. K., Dwivedi, R. M. and
Narain, A. 1998. Seasonal trends in the fishery resources off Gujarat:

salient observation using NOAA AVHRR. Indian J. Mar. Sci, 27(3):
438-442. http://nopr.niscpr.res.in/handle/123456789/36039.

Solanki, H. U., Bhatpuria, D. and Chauhan, P. 2017. Applications of generalised
additive model (GAM) to satellite-derived variables and fishery data for
prediction of fishery resources distributions in the Arabian Sea. Geocarto
int, 32(1): 30-43. https://doi.org/10.1080/10106049.2015.1120357.

Vase, V. K., Kumar, R., Jayasankar, J., Sreenath, K. R., Koya, M., Divuy, D.
and Rohit, P 2019. Potential yield estimates for marine fisheries of
Gujarat. J. Mar. Biol. Ass. India, 61(2): 63-67. https:/doi.org/10.6024/
jmbai.2019.61.2.2134-09.

Vase, V. K., Koya, M. K., Dash, G., Dash, S., Sreenath, K. R., Divu, D., Kumar, R,
Rahangdale, S., Pradhan, R. K., Azeez, A. and Sukhdhane, K. S. 2021.
Acetes as a keystone species in the fishery and trophic ecosystem along
northeastern Arabian Sea. Thalassas: Int. J. Mar. Sci, 37(1): 367-377.
https://doi.org/10.1007/s41208-020-00276-y.

Yadava, Y. S. 2001. Report of the National Workshop on the Code of Conduct for
Responsible Fisheries. 29-30 September, 2000. Bay of Bengal Programme,
Chennai, India. https://bobpigo.org/publications/BOBP_REP_90.pdf.

Zhang, L. L., Ren, Q. Q. Liu,M., Xy, Q., Kang, B. and Jiang, X. B. 2020. Fishery
stock assessments in the Min River estuary and its adjacent waters in
southern China using the length-based Bayesian estimation (LBB)
method. Front. Mar. Sci., 7: 507. https://doi.org/10.3389/fmars.2020.00.

Zhou, S., Yin, S., Thorson, J. T., Smith, A. D. and Fuller, M. 2012. Linking
fishing mortality reference points to life history traits: An empirical
study. Can. J. Fish. Aquat. Sci., 69(8): 1292-1301.

Zhou, S, Punt, A. E., Ye, Y, Ellis, N, Dichmont, C. M., Haddon, M., Smith, D. C.
and Smith, A. D. 2017a. Estimating stock depletion level from patterns
of catch history. Fish Fish., 18(4): 742-751. https://doi.org/10.1111/
faf.12201.

Zhou, S., Punt, A. E., Smith, A. D, Ye, Y., Haddon, M., Dichmont, C. M. and
Smith, D. C. 2017b. An optimised catch-only assessment method
for data-poor fisheries. ICES J. Mar. Sci., 75(3): 964-976. https:/doi.
0rg/10.1093/icesjms/fsx226.

Zynudheen, A. A, Ninan, G., Sen, A. and Badonia, R. 2004. Utilisation of trawl
bycatch in Gujarat (India). NAGA -WorldFish Centre Quaterly, 27(3&4):
20-23. http://worldfish.catalog.cgiar.org/naga/na_2316.pdf.

© 2023 Indian Council of Agricultural Research | Indian J. Fish., 71 (4), October-December 2024 5



