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A fish stock refers to a population or subpopulation of a species that is at least partially
genetically or reproductively isolated. Stock identification is crucial for fisheries
management, as different stocks may have distinct growth, mortality, and reproductive rates,
influencing conservation and resource assessment (Reiss et al., 2009).

Various methods, including meristic, morphometric, otolith analysis, and molecular markers,
are used for stock identification. Among these, morphometric analysis—particularly the truss
network system—has gained prominence due to its accuracy and cost-effectiveness (Strauss
& Bookstein, 1982). Traditional morphometric approaches rely on direct distance
measurements, whereas truss networks use interconnected landmark points to create a
geometric framework that captures shape differences more effectively (Cavalcanti et al.,
1999).

The truss network system has proven valuable for distinguishing phenotypic stocks by
quantifying shape variations within and between populations (Bookstein, 1991). It has been
successfully applied to various fish and crustacean species, offering insights into stock
structure and aiding sustainable fisheries management (Pazhayamadom et al., 2015).

Methods for Truss Network System
Sample Preparation and Imaging

Shrimp samples were first cleaned under running water, dried with tissue paper, and placed
on graph paper. Each specimen was positioned on a flat platform with its rostrum facing left
and telson on the right to ensure symmetry. Appendages were carefully arranged, and each
specimen was assigned a unique ID for identification and reference.

High-resolution digital images were captured using a Canon G-15 camera mounted on a
tripod. The camera was aligned so that the graph paper’s margins matched the viewfinder’s
X-Y axes, and a scale was included in each image for standardization. The images were then
processed in tpsDig2 v2.1 to mark anatomical landmarks and extract truss variables, ensuring
accuracy and repeatability (Rohlf, 2006).

Data Extraction and Statistical Analysis

Truss measurements were obtained using tpsDig2 v2.1 for landmark digitization and
Paleontological Statistics (PAST) for distance calculations (Hammer et al., 2001). Since
shape differences may arise due to sex (Sajina et al., 2011; Reiss & Grothues, 2015;
Pazhayamadom et al., 2015), both male and female specimens were included in the analysis.
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To ensure data reliability, normality and variance homogeneity were tested using SAS PROC
UNIVARIATE (SAS, 2014). Outliers (7-10%) were removed before further analysis.
Log-transformed data were used in a Multivariate Analysis of Covariance (MANCOVA),
incorporating carapace length (CL) as a covariate for size correction. Size-independent shape
variables were calculated using the allometric equation (Reist, 1985):

M... =logM — B (log CL — log CL mean) ........ Equation 1,

Where M,, is the truss measurement after transformation, M is the original truss
measurement, CL is the carapace length of the shrimp which is reported to be more reliable
than using total length (TL) in the case of crustaceans (FAO 1974), CL mean is the overall

mean carapace length, and B is the slope regressions of the log M against log CL.

Correlation coefficients between variables were examined before and after size correction to
ensure reduced dependency (Murta, 2000). Descriptive statistics, including mean (X),
standard deviation (SD), standard error (SE), maximum, minimum, and coefficient of
variation (CV%), were calculated for each population.

Multivariate Analysis

The study employed Principal Component Analysis (PCA), Discriminant Function Analysis
(DFA), and Hierarchical Cluster Analysis (HCA) for stock differentiation:

PCA identified morphometric variables contributing significantly to variation.

DFA tested the efficiency of variables in distinguishing different population groups (Tomovi¢
& Dzuki¢, 2003; Loy et al., 2008).

Stepwise inclusion procedures reduced redundant variables, ensuring optimal separation of
stocks (Hair et al., 1996; Jain et al., 2000; Poulet et al., 2005).

HCA, based on Mahalanobis distance matrices from DFA, evaluated population relationships
(Slabova & Frynta, 2007; Ferrito et al., 2007).

All statistical analyses were performed using SAS (2014).

Truss Network Construction

The truss network method (Strauss & Bookstein, 1982) involves overlaying a geometric
framework on the specimen for shape analysis. Fish specimens were placed on
water-resistant paper, and anatomical landmarks were marked using a needle. Digital images
were then taken for precise landmark identification.

Morphometric landmarks were selected based on homology, ensuring consistency across
specimens. The truss distances were extracted using a combination of tps Util, tps Dig2 v2.1,
and PAST for accurate shape analysis. The truss network system enhances stock
differentiation, providing a reliable and efficient approach for fisheries research.
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Case Study —I: Heterocarpus chani: A caridean deepsea shrimp

The samples of H. chani were collected from deepsea trawl shrimp catches obtained from
five major fishing harbours along the southern coast of India. The sampling sites are
Kalamuku (KAL), Sakthikulangara (SAK), Colachel (COL) on the southwest coast and
Tuticorin (TUT), and Nagapattinam (NAG) on the southeast coast. Information on study
sites, geographical coordinates, shrimp sex and the sample size from each location. A total of
1879 specimens of H. chani including 984 males and 895 female individuals were used in
this study.
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The results of HCA showed three clear clusters from five populations of both sexes as shown
below figure. The group-I included populations from NAG, group-II consisted of the TUT
and group-III with SAK, KAL, and COL populations. Theinterpretation of resultsindicated
that the samples obtained from the locations NAG and TUT represented a phenotypically
distinct population while the morphometric resemblance between SAK, KAL, and COL
stocks were observed to be high.
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A Case Study: Deep-sea Shrimp: Aristeus alcocki- Penaeid shrimp

A. alcocki Ramadan, 1938 (Decapoda, Aristeidae), commonly known as Red Ring or Arabian
red shrimp is distributed along the southern Indian coast at a depth range of 200-1000 m
(Silas 1969; Suseelan 1989; Madhusoodana 2008; CMFRI 2015). It forms a commercial
fishery confining only along the southeast and southwest coast, and it’s not recorded along
the northern coast of India (Mohamed and Suseelan 1973). The catch landed between 2008
and 2015 indicate that the A. alcocki is the prime species in order of biomass among the deep
sea penaeid catch accounting to about 36% from the whole Indian coast and the trend in catch
rates indicates a decline of these deep-sea shrimps (CMFRI 2008-2015). In this study we aim
to investigate the effectiveness of the truss variables in differentiating the populations of
A.alcocki along the Indian coast using truss morphometry, to provide management advisory
for fisheries sustainability.

Sampling

Samples of 4. alcocki were collected from five different fishing harbors i.e., Tuticorin (SEN),
Chennai (SEC), Nagapattianam (SEN) on the southeast, and Sakthikulangara (SWS),
Kalamuku (SWK) on the southwest Indian coast (shown in figure below). The sampling sites
were chosen such that they are distantly apart in latitudinal aspect to reduce the chances of
mixing specimens from the same population. In total, 1842 specimens were collected from
the selected sampling sites 1.e., from commercial fishing harbors where the catch is landed by
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multiday trawlers along the southern coast during December 2014 and January 2015. The
samples were collected during peak breeding season (November to January) to ensure that
they represent to their parent population. The matured specimens (carapace length:
female>3.5 cm; male: >2.0 cm) were sorted from the samples collected from each fishing
location and used for truss morphometric analysis. The species exhibit a high degree of
sexual dimorphism where males were identified by the presence of petasma and females were
sorted based on the presence of thelycum. Specimens showing physical damage viz., broken
rostrum or any other body parts may distort the shape characteristics and hence they were not
included in the samples for the study.
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Digitization of specimens and fixing anatomical landmarks

Shrimp samples were first cleaned with running water, allowed the water to drain, wiped with
tissue paper and finally placed on a graph paper (shown in figure below). Each specimen was
placed on a flat platform with a graph paper over a thermofoam, appendages (pereiopods and
pleopods) and telson were erected by positioning the rostrum portion towards the left side,
telson on the right by assuming symmetry between left and right side of the shrimps and was
labeled with a specific ID code. This helps us in identifying specimens if more landmarks are
required to be fixed or if the morphometric measurements are to be repeated. Digital images
of the specimens were captured using a camera (Canon G-15) which was fixed on a tripod
stand directly above the specimen and the lens was adjusted so the margins of viewfinder
align with margins of the graph paper in X-Y directions and each image included a scale to
standardize the individual sizes and further scaling was applied in tpsdig utilizing the
millimeter grid in graph paper. These images were used further in fixing the anatomical
landmarks and measuring linear distances between them i.e., truss variables. In many
previous studies, it has been found that differences in sex are likely to contribute to shape
differences affecting total variance in morphometric distances (Reiss and Grothues 2015;
Sajina et al. 2011; Pazhayamadom et al. 2015). In the present analysis, both males and
females were included to accommodate the effect of sex on their morphometry. The
extraction of numeric truss distances from the digital images of specimens were carried out
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by using two software platforms, 1) tps Dig2 V2.1 for marking the landmark coordinates on
the digital images (Rohlf 2006) and 2) paleontological statistics (PAST) for extracting the
values pertaining to the marked distances (Hammer et al. 2001). The data extracted by this
method ensures stability, accuracy, and repeatability.
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Genetic Characterisation of the species

Genetic variation is considered to be an important feature of the population to reveal not only
the short term fitness of individuals but also the long term survival of the population, through
allowing adaptation to the changing environmental conditions. Information deduced from
molecular markers can provide insight into genetic structure and geographical boundaries
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(i.e. breeding stock) and vulnerability (i.e. genetic diversity) of the species
(Buchholz-Serensen & Vella, 2016).

Molecular markers have been proved to be an effective indicator of genetic variation within
and between fishery populations of shrimp species; Aristeus antennatus (Maggio et al., 2009;
Cannas et al., 2012; Fernandez et al., 2011b; Brutto et al., 2012), Aristaecomorpha foliacea
(Fernandez et al., 2011a), Penaeus monodon (Mandal et al., 2012; Sekar et al., 2014) and
Fenneropenaeus indicus (Sajeela et al., 2015). Microsatellite markers are characterized as
co-dominant and highly polymorphic in nature and addition to their abundance, even
genomic distribution, small locus size, have quickly become useful molecular markers with
great discriminatory power for the evaluation of genetic diversity in various species (Powell
et al.,, 1996). Analyses of microsatellite nuclear markers were used to describe the
differences and distribution patterns of natural populations of this species.

DNA extraction, amplification and genotyping of microsatellite loci

The total genomic DNA was extracted from the pleopod of the each individuals using
DNeasy® Blood & Tissue Kit (Qiagen Inc.) according to the manufacturer’s protocol. The
cells were lysed by incubating at 56:C for 2 hrs and all other steps were followed as per the
protocol. The primers for nine nuclear microsatellite loci were taken from Cannas et al.,
(2008), were originally designed for the Aristeus antennatus. The microsatellite loci were
optimised for genotyping by following the general protocols of Palumbi (1996), and Cannas
et al., (2008). The amplification of microsatellite markers were performed in 25 pl reaction
cocktails containing genomic DNA (0.5 pg ul'), 7ag DNA polymerase (0.05 U plv), 1X
buffer, MgCI2 (1.5 mM), 10 pM pl-of each primer and dNTPs (200 uM). The PCR thermal
profile used was 94°C for 5 min for initial denaturation, followed by 35 cycles of 94:C for 1
min, annealing at 52—54C for 1 min, extension at 72:C for 1.5 min, and a final extension at
72:C for 5 min (Table 1). Amplification of PCR products were confirmed by electrophoresis
on a 1.5% agarose gel containing ethidium bromide and visualized under UV transilluminator
(Lark, India). Analysis of fragment size was carried out by ABI prism genetic analyser
(Applied Biosystems, USA) at AgriGenome Labs, Scigenom, Cochin, India.

Molecular Results

The pairwise F,, Nei, and AMOVA values calculated from microsatellites indicated the
absence of significant variation among the samples of A. Alcocki collected from the South
west (Arabian Sea) and South east (Bay of Bengal) coast of India. Moreover the results of
AMOVA also indicated the proportion of genetic variation was mainly associated to
differences among the individuals (99.2%) with F,.=0.0078 which is further confirmed by the
cluster analysis performed using STRUCTURE (shown in figure below) directed towards the
presence of homogeneous groups due to the absence of specific allelic variation in the
sampled localities. The present study was in agreement with the results reported in 4.
Antennatus (among individual difference 99.3%; Fst=0.0067) using same markers in the
Mediterranean Sea (Cannas et al., 2012) where no genetic differentiation was noticed
between the localities.
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Conclusion

The truss morphometric characters in A. alcocki and H.chani can be efficiently used in the
discrimination of populations as studied in other species of freshwater and marine
environments. The major discriminating variable to differentiate the populations into two
groups was attributed to the abdominal measurements, suggesting a need to adopt separate
management strategies for the resource sustainability and policy regulations. Further, studies
based on the genetic markers in 4. alcocki indicated the presence of single population.
However, in H.chani molecular studies can be used to validate the findings of this study.
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